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«L£jul! (^-3 i.S -r jtlj . 3j_usL«ll 4_L>.^JjjSLlJI Sjjlll 

A n \ ~i he a CjVL*_a ,j_a ^ ts\ r^Viaj »l qlr (jj^ 
.CjLu^LjjJIj .jkUtj .4JLUI fjilj 1( ^V| c_^,L»JK 

i L*j-«^>- «Vjjt ^1 4^>-j-o t-jLlSLI! ! jut j .(j .iriill (oi^-j 

^ (j ii t i>j->ttl JJU ^ (_4i.ljJI i frS"il,l (Xj'-2J' Cr'Sj 
. JjJLsJ! (aLJI I jut 

4_oLc Sj£La I j La Jj^M -i uuill f«u-uj-J :^l i n^l 3 i .i q-w 

' »J J ' a ** ^ * ' ' " (J - ^ **.!*.! .Ull CjulUI «L>JL»_L ^^pajJLJ 
4_<J LSLZuV ! J 4_Lie_jjLlJ! aj ]ri '< tl (jl-J ^ <3.ft J-" 11 ?^ 
J j I -sj j i5_ljJl£_l.l t _^aj irO I tl c\_>JL*_aj id i "j'j-!! 

,_p3jjijj i43jj>Ji.l JjiAJ 3 J i "i 7"J-^J oJlil! p i .iStl 
^J j I se "nj J 2 * ! I j 7-j-iioJu d An->- rt JjjJaj c_t_jJL_u2 

3j-_j_a_>JI 4_*3_ka_i^1 pa-ua^-a jJjLlIL] x_j1j»J1 -n ui-dJI 

jj-C i . . j ri i " 1 1 j it_i_lajl£ S^Jjlla CjVL*-a lJ J2 Lg_Lo 



4_«JlJLj (jl (j-^— 4-1 L«J <■ ■ i nL>J1 a! JU3-" ( nU rfl I ***( J 1 J ^-L LtT J 1 p fl-Usai. j-o*V1j 

«L£jul! J j aj ■■■! 4jjjj i_aJJI! jjl^=jj njljul! ! jut ^ w <-l ;U,^VI s L^JuM 

(_JJLU (^ ojLsol jAp U^^i ^ T^-^JiJ 'QjJ "'*^ J infill (^ ^jX.1 iU i^iVl 

. Jl^^/I JLl*J JJLu La J j j . ^.^11 

^jLoJI t_JaLiej 4J^ : Vjt -.qjjjjjJ o! JJL> t_jbSL!l I jut 3-ojvjj ^b -^aj 

SjtUI *ilr jl (j-W '■ ' ' hLjJI (_y5 sIjj-u ^t!-*- ^J 1 ^"*" o'"j""\.' * Jj' a n-i2ji! 
Ja-j ... j"tl <j-o <L<JL>. 3j>L>- 3j)Lo cU3 j r-i i .a V"i 1, 1 JU*j dilj (0-C.jJ i Ltj-LC. jl 
^liUi^Vl dl^JLtl^Sj^A^JISjjJaill blxknll^a Ij-u^jJajj Jj ijjj.1 
/qjoJ-uj tdiLaqWU (qJLcj ^^ i ii ill j-u_>j1 (^u «L9^>L*j1j 4«L3jjl11 (J_j1l4-> J)j LaS 

Jja^>.j f^-^J *b i"i \ J4^ 4jj-jJL>u 2l ^—II 4_u_ojj-i]1 jj-° < iLxSJl 1 JUt j«j>.j-ij (jl 

(j-Lc >£>j «ljV : LxJUij . S-jJjLjo^Li f^UsjI! ! jut (_)_$»» c_tjSL!l ,j-a jjiSLII 

^LxJuljO La_(tj i^—jjjtJl foJuuJ 4_t-aL>. 4_uj_(tl-^tj „'**- 1 ^ t (jrujl (^LCa_Ua9_a 

4,0^1 ail] a^M i>jui .. -,,,, ,-.<! jl^ .Sj^Ji sukiVij a^nUti ^luj! 

jLLa iLi^sLs-J Sj-Li-^l CjIj i i u II (_yb i_!jj<JI (j-Co-LJ! £y* !jU-!j_La LaLslutl 

» ijJlUj OuaSJI >j£ CjIj-4_iLU (j-° JUJUul Jui£. *u Juz£ tCjLLuLalijI i a t dl * rt 

t_ijjj| »| qUIl (jjs j_u^ (jlsj^. j ipjjjajll I jut J^s- 3 '" ia -3j Sj_itLiJlj (j^ujjj 
CjL^jIu jj-* j-J-tS O-olijtl uz£ , (_^_j_>J1 p a_UaaJj 1 Jut ^^^ 4_jjj 2l fft^jL?e_it ^ljLLi 

j^lj-Uj 3_lLL*JI 4^>i Lg-Laj ^ujJtJI a_iJLI1 SlsJUju (jJjjJ! <>!3>!L> c_^L>JI 
^-jjU"t SJLILJI 3_uutVLi l£!jj>l o-"^ ^ «f' -c^ -^" ^j-^ ^uJjlII 
(> JjL^J! (oSLI! 2u^.j^J u^UJI ^IjuWI^I ^Lu^Vj ^jjiJ! 4iU ^^UJ! 

i4_ujj>JI Cj La- 1 U i r^i 1 1 JLo-jjJj isUai-VI CjLiJJLi Llojj j i"i i" (j-i.ll diLa^mi 

» jLLSLII lJUt (j-* ij- 1 ^^ -n mall (JjLujj .4_jjjjl11 ^j ^j uaJLIl ^^a-tjtjjj -n j d J J 

4_J \ a * 1 t l < ^ a ^ . T^-\ < a ^ 1 1 , , . ^ If* l \ , ,. t a l 1 1 ^* /^**i 1 1 * d i> i . T^-\ T 1 i ">1 « 1 1 1 c\^J ljt_a 
J^cl^JS jjjj ,2j.j^.Utt oLiill 4jJLtA u*> (jJVjJI ,_bJbelJI SLujjtl^ 2LaLt 

jl£jaVl o' ^Li Vj . jJI ... f >KJ! JJ^J ^LJlSLilj c^LUJI ^ ^ a^dl 
pj-Uaj^j .(JL>J,! !jut fjjs i." i t i \ t SjuiLa cjI j> Qj's" i » t_jbSL!! ^^3 «L».^)jtaII 

ijj-iLn-j (jJjjlII /qJL*JI jjl l-SjijjlJi.! (j-*3 i5j^5L»- 3 j q it I 4J Sj-ujJI 2 ^U'.'sJI 
Lijtj .«.tj_a_r»JI (jr-i ii tj ' Jj S <tl SjLJcjt ,j-a iijJL\!! joJUJI 4jiij (jl_Ju 4Jl_Ju 
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(npjjjoJI 6j>jJLo 

(j j'a i^ gUtlj t_g 'I . V.aVI ^gjj i ,,1,1 ^lr Sj_ujJI 2 alaJal 3-j-L2j 2 jo ifrl jj-p 

(j^-C^l! -i-^- -il -^>r? O' Cri>*-" L?J^-^ t_jLjSU! I J-* Ji-a j-jJSjJJ (J-aLJ (j^e-ij 

«L«_Lc 2_^Li. .(jLAJI «UL«J! <j-a jjjjlI! 4j*2j (jlj 1C;r cl;Ui^Vl «l£jJLi 

2_aJijJ tfjj-V uUJ iJLsJLl I jbt ^ t_JJJjJ! (j-aitJ! diStjJI (^Jl i^Lul uuVI 

,aLl!I !juk jjjlaj ^ 2_q_&| i„Uj f IjuVI o-'i ^J!^L^L<-uVlj Jiil! 



<U*W&\ f4^\c| ^\4ft&\ 






SjLjiaJa ja^a (^Jl w <- I ;U,^VI t L^JJ! «Ic <-3Jl£j 

<_i i.iLaJJ J-o!jJ J-*c <jy>ki <j£. Ly j\ uuVI *KjJ! 

(^Hl ^L^VI ^^LJ! s£L« ^ S^La ^tf| 
Jj>. (_,JLc. i_^L>J! j_aLJj_i SjjJa (j-uijj . *L<JJLi 

<_j-Lc ^Lj-J-La l_iajjs (_yb j'j^ ilitjl jl i Lo 5Jl 1 .ia 
J-JtJ * m-a-J x^al_ij_jj| (jI-LJtSjJi! I JL$J ini^j 
jl ,4J| ,„U J^J j_03 j! c-^sij ^pJI (l) 3_ij > LaJI 

jjIUjj . 5y_oLijJI L$J (_gJLC. ^^1 4cjJlL! 4-JV J" 1 nVI 
rtU-uLl <_Sj|jJLA _jjfc Lo mJ JL*jj 3_aL& Jj->«J 3 Uri't I J-A 

aIjlsbjjj/I t_)Luj/i aAJ j LaaeJDj ijjLuiJVI JyjJe (j£. 
.4-ajLaJ! <£l^j-l* ^ i_^uL>JI 

(jja JJLC (_ylc » J-i*aJ I t;r al> (jl <j^-4J 4JLs aLc J'C UlJ 
(j-xj . L^J^Li. <j_a 4-ik: ^oSLjJI (jSUj ^,1)1 j-uUA! 

1 %j<~.tlj ,3 aJlim (JiJaljJL! (^u <U-uJI <b>.j! ^Jk 

f.\ La 3.VI i_al m, "1 <lj .3jlj-" mi U <_kJalj_U j_jj 
II 



«L£jJI oj-^ La lj-j-i£j .TtJ! J • cu '"ll (^ *lj^/l ^ ' n-»-~it l j -» j tx ■ -~"j 

Sji^LjjJI i_y=^\ i^aJJL (j^sjscj (jlll Cybernetics 4-ulj jmtLi tiaj. w <- I ;U,^VI 
rcl^. (OJ^J La-yJ i(_jJl jL$a» 4Jl£ (jL^jVI jjJI j la mj isLmj-ljJI 4jjJuJI 3 otViV 

a_ob <yj ol— VI U^^=^d c^ 1 ^j-^ 1 ^LtU^JL, ^l ;U^ VI *KJdl 

tlfl't nli ^yfl l_Lu Lfl^toJ JLaX.^1 0JL& I flloaeJj . <Lj£j Lfcjmj ^^Jl J Lax. VI 
«(■£ JUj-oJl)) jl T 'J cut] j I 4* loliSLa jl J) j la * rt t_£9-«J (_)-aj (Q-£3 lA9^ JulS 

(Ji-I.IT- l""n aLloJI J I l4jJJ(jI/ 3jj Ii-I , 4j L"£> J I I 4-LU3 LjJ 2J LljlA j| lj-«J (Ji- J I 

lio-LJl fjuJJ .>»»T (jJI (jLCa (jjj JLaliji) JjjJa (_ylc JVjCLj/VI jf i^yjia 
(_, Ir- j Jill 2 U.V.Vl jLvf jLlo-Li Vjl 4lax. «~ I iU.^VI jKjJI -Jx. ^ 
*LaLiJ3 (_JjJ (jL^uVI 4-aJiJ-" i uj Lax. (j^3j|j_aJI (J.-H.I » i^-ij j<u i «4-£i» LgJI 
t. ■ i uLstll x-aujj (_3 £J_A (jo*JU aj iCj V 2f JlILi_u1j CjLa^l*_a (j_a Jal i ii ill 1 J-$-l 
£lxL)j_JI A k-».^La (_gJlJ3 JLSj .^_aLjj_JI I jjt i_djl<_u d k-wjlxJ ^J-3j *u ij^JVI 
(_yfl jj^lajj CjjAjJjlJ JLiol ^1 ,_,**_' Lx-a 4_l3 jj . ^tl sL>.jl i_al mm^I ^1 
c-Ll n \ < n (—Jl tfjjJU 1 J_& (_£J>Jjj "^ uiflJ ^_auj_JI (_J3 (_JLULjj "Sj 4-mj ul 

. I jSL&J . ..j_j_j2ajj 4la3.j4_a (j_a 4 tjTi i .i_l Laj i£^aljj_JJ I frll^ca 

w';' l ?" ,l bT""^V' * ;U.^VI «KjJI L^JjLuj (_,!!! (JjI mil (^ic c_JL*jj 
jJoJJI c-^*j jjill cliVLalo-VI jjlc (jl I jut (j-utJj -.Combinatory explosion 
- jL».j (jJ-JfLaVl ,_L»J! (jJ! J_^a^l <jiUj V 4-j| 3^.jJlI I JLj*. j_u^ L^ 

L^jV jf iljia- !>lj>Ia Ll^j JL»-ij i.'-.tjII 5_lUx. (jV ij_<i/LJ,l i.-.tjII oLlL«j 
cjjj^ jlS^ hjLjlJVI jl li i .iL>JI Sj^li sU-ui 3>^ ' ^^ *>f^ ^j^'- 5 ' . ' 1 1">"~ 

i 120 t>u f 10 (jJI^sbj Jls-Ij jjJ (^3 gJjIaAJI «JaU ^ajSUil v2j>LilII Mia 
I fl ijj^e3 jl iCj^LfljJI OJL^J 4ial£JI icjjt>J,l ,_^a^t3 5JUtl<j/l jc-Usl^JI ,j-a 
(^j-3 JU>.a_l Jt^l^Jl /jj-Sj • L^-i-a J^ cLo^^Lo j^JlL >J JLdlb 4_la^E_t-a_o i. ■ i nL>JL 
. jJuLaJI I juk ^(^liUi^VI jil^jJL JixuiXlj cUlji>iLjjJI jaJLc (jrU ^y^Lu? 
I j"--- u (_jjJI 5Jl i n nit ^Ls- dJLuk jl Cjlji^ CjLlUsLjjJI j«JLc. (_,■» i nj Lj_u-l3 

j^J ,J»Jt ^1 Jj^^iJ L^LpI (jSUXI JiL^^JL ^iu Vj ,(J» V 4it j!) 

(2r* i ~ J 1 1 (j-o (_gl (_JlXJ Jj j S a 4_lSLIj i LaLaj Jila^/I jl i« j-> i.aJI J->Jt jj* 
L^jjJa ^ 4^1 «IjGj*VI (jSLajj 'j»jM-!l (j-a J>Ul LtSj i.ilU~n Vj i5Jt iiiILj 
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.3Jl mU JjJ^bjIUUcjLa^LtXI *-£*>■ L^>ajIJ V jia^pll 4_i2ji>J! jJaljJ! 
. Master Mind «jLij>J! j£ttl» 2Lut] Mia JL>.!_J 
Jj^jjiil algorithm La)j!ji. dJLl* j! <JljLi!it ^1 oLlUsLjjJ! jaJLc <-3J-&j 
La-Lu 1 1 " 1 1 j La a. « j 1 .1 (j£, M!Lo J-JJ-J V 1 " 1 1 j la >■ 1 1 (j-a jJLc (^ 4jjtll (Ja. ^1 
Ij^j-LA i\^ fi- a ^- i J-> J-^J^ =IJjL^ (J£ (jX.1 iU ir^iVl «.L^jJLi J<" i"iU a jjr" I ilj 

LgJ (j-ujia JjJ! I j j I U*. j ^pJ! ,-iljU-^tl jj^ Lai t 3 jl , ,, JVjlI<-u! 3>^ e^c- 
jT ^a> Cr ^\'iUi^\ *L<JJ! ^ jlsLJ! ^L^VLa .S-ua^Vl ^a^jVl ^.jJlII 

L&jjj jj-^J Cjljr<iLjjJlj it_jLcajJI 4cj_<j/ ,j-a jojtl SjUjJI jajJaJlI! £fjL^a 
(jrCo-LJI (jL&Ji lJ £ \j>.jjus j j U ! U pj>3 j^S! (jl (O^-JJ -^iii-iitl (_g jp~ 1 n U (_ylc 
(jJaJll <j-a 3_uutl J^l 4J| j^JII <j-»a deductive logic, (^JaLuI^V! jUill j-& 

I nlaAJ? -i la « a ^ inductive or inferential logic (jJVjiI^VI jl ^Ij !?'< nVI 

j_j_uOi! inference «JVj" mVU ~N la ial cjL&JI I juk ^ ajLJeluilmj 

CjLlUsLjjJLI aI JLJr" 1 .iVI IJLA C-JL>- (.j-Iij ■ Jal jmi ,iVlj »lj ti~ < »VI ^j^jj (jx. 
(j-a- La Jls>. (^Jl (jJjl (J j'n. i a ^yic-LUajl Lfra j j-~i 1 , 1 Li . 1 1( _,rjt->?t l J jlml l (^lc 

Jj^5jlil (j1_aj}UI 4jJL«I! OJSjJ Sj^I jJ! 3< nil l2jlj_jjjij (^Jx. Jj.^^tl J^.1 
Tca^La tt j 1 >i jj ^JLj^ilII «j->J! I J-A 4_lLi (^ JjLe-uj/J . La 3J| i .ia (Ja. ^1 
icUajjj-a L^-aJ-dJ (-r^l JtH'-*-^ OS ' ' "-3 * f* U '"■ I w *~ I Ila ' a * I ^-LStJul «_alj-j 
iXJLa *L£jJ! ,j^a IjJLS i ,lU"n ^Ij i\&\~- jlj-M JSL-Jil £jjJL> ii^>- ,j-a 
jjjjaj (_£>i-l '^P"^ lj-° £ l-lajjj_a Q^'C" 1 ,i La£ ii_Sj|jj<-a ;»Lc (Ji- L^J jjjijJ (j^LIj 
. Cr JLcuJ'^l «KjJI ^ l^j^: La JSLl 3 Mt'miUj 5-aJJr"i,„U 2.7,U:\\ 4jJL*il 

Symbolic Representation: Jt j«jJI JmmAmJI 

L^/Lj/I ^jir"iin" L^j| (^ (^UUi^Vl «L<jd! 2-°!jJ (jJjVl 4a, nil jjl 
(jt 5 JlJI i n 11 *j S. d 1 J L>.jl_t-a LxgaAJ ^JN i"i" 1 JLA (—3 ijr^J ^J a^J J^^" 'j-^J 
(ja£b (^JLcLUI ^'iimU (jltS iaLsjV! (Jjj-u JjLlu (jl «-jJaxuu V i_ij-uL>JI 
VI jiejj (jl JajLill a JL^J (jSLaj Vj binary devices 4_uLu JojLj ,jjs t_^j/L>JI 

(Jjj-A jLlo-I (_JjI O^j .liji ii^i jl I » t_! La^J j-ajJ (jl (jrLc (j^' (jr) '»'<•' J J^-l 
(jl ^iUl i, i j V l, i.iLjJI (jl SJjLoJI 3j£AJI jl uujl (jJI (j^L«J5jJI (jjj^ajJI 



IS 



^LWUI .ISiJI 

I jl <jSLlj . I n fl m (j-utll J!M-Li j-^La-i *iU"i i nj V 4Jlj i«V j I (OJLJ)) (_£aj-u ffi fl n~n 
IJJl>.^J meurons-2 nir-ull Lj^LiJI ^jj i .. a lt jl uu^U ^jli.ntl (j^aj ^^ L>j_LsJ 
4-ul£Lal ^1 j j uU Laj3 ^LuJI x_UsjJI (ji^- I i^tji J-aH*j ^LcajVI (O-g-ill (jl 

v^jIjIj^JI jUcjIj jijitlll 4JLILJI /ajjkLillj .-«tjj.^*.tlj jLSLaVl ^ j^mlll 

4-uLCal (jl i'Ii". 2 J . 4-uLuJI CjVLaJI jl pLuaj^l 0JL& (j-a Sjj U" a Cl^l j*C i " i~ ■> 

I j -1 j jj (_ylll 3_ul_uJI jjjsjJI 2 U , „lj 1 SjJLkAIj L<1«JI cjljjj^all! j^c j-iojijJ! 

. 3_&_aj5 oljljjill jLitjl 3-j1*c 3L^Le-a Jjtj^i i_<-<-uL>JI 
jnt l sljl ,j_a (j-g.1 i U ir^iVl *L£jJI ^_a!j_j *_ Laj La » jUILl JL>-JJ Vj 
cIjLAaJLjl oj-tb *jLu aJlJ-1 1 n~ La LJLc <jSLlj ij-a^l AjJ I jl 4-ul mtJI vZjLJUjlI! 

CjLj-LojlJ! ojut ijj-i-a (jl (j-ui-aj iconceptual level ^Ij^l ^j" ... U (^Ic- 

7r '<\ftjj . ?y_aLlj_ill L^J j»J-2j (_yjJI 3-jJV J" 1 11VI S-JLajtll ^JJ (Ji.J_uj/ 5_ul 1 M -»J1 
(^ d-u-«-a S-a^Lt-a I 'jt^nj JL3 (_g jJl (_, jUtl (jr-ijV 1V1H J-aljJ <j-a JLla dJJj 

t^jjVl J*C uJb 3_j^_aj_ll LgJjj-1^5 

(id Uj 1 n_) ljr v>- (j-a (_5-iL»j (jiajj-tln 

'.Jila 4_l«j3j 3-aaLd 4jJVjjjj/l 4-ilaJLJ d-aL-Lflj u 1 »L>JI L$jJJ Jj^joj JlSj 

. <l Gj L^Jj^S 4j>.j-S 4jLa (jiajjj,! SjIjjs- sL>-jJ)) 

,j_a 3_jj_aj 5-aj I t a ^JLa-"ii ,i"i (jl (j.g.1 iU ir^Vl «L^jJI ^.aljjj <jSLaj La£ 

".(JlLa CjLtlll (__palj-al jol^. 
« j U li 1 1 (j-a £jj (jjL«JI» 
•.(^^L^ (_£>i-l ^JJ-^J 3_ajUa (^1 Jj^sjiL! 
(JN ili 1 (j ajJI I ^ 1 ■ ' ■■ 1 (jl (jS_a_i ^Lc (JN i"i 1 j La d 1 1 I J 1 ■ 1 ■■ j /^-Ji jij-U3^/i » 

.(((^sU. 
S-ulj^'miVI jl 4_JVjil<j/VI vZjLlUjiJI (j^s fail! I jut (jJLc j I Ljj La SjLcj 
ijLajtl 4Jj transmission of propeties ^^ajL^ai-Jt J2J jl inheritance «4jIjjJI» 
.^l lU.^ Vl t L<aJI (Jii ^ 4JtlL 

Heuristics «1An*HI 

(jjlll (_pl 1.1U ^Llcj^j ^^ I ;U,^VI S L^JJI ^_a!j-J SjjLlill 3 a mil jjl»Ij 
f.j^. diljij (jltJj n^j^^a (^jjl^i- ,_L^- L^J (j^lJ 5jL«JI ^ ^^ . L^JjLuj 



^5-jJl (J-»JI Jjj-k l?^^"! jij'^l (jr^ " •il<j"*^VI» J-^-yj • L$»-L*jlJ pi i '^-> * 

j^j-j>.t 4_i_jj-La ^—11 y i - ijal j O^aJI (j-u-a-i (--3 4_t-£5j-ill ^LojI x_a 4_a_i^La jJljj 
■ i. i inLua cJfiJ ^yfl Jj-uuil JjJI (jil (jJj^l 3-2jj_LJI Jj^jjj aJLC 3JL>. <_,£ 

«L£jJI j-aljj (j i to 3_jji_ijj^J| oV^UI! J^o (jUI j-oIj^II Jj£ V I jl^Jj 
^_a!j_i jl>.I J '^_» jla ^LlILij . Lsjijjla Luijjl^i- ^L>. LgJ (j^/ ^^ I ;U ,^VI 
(j^.1 ;Ui^iVI «L^JJI j-aljj i_sLua^j (jJI symbolic integration ^J-ajJI J-aLCl!l 
Ja-i . .. ." t 2 ^ ,1 , ,. tl 3JLjj_LaJI i.~il uA I nK (Jj^i-I (Ja- 3-2jjJa ^Ir o.}Lij£.V 
*L£j_L! I j i s-\ < VL*_a gjj U il II l.<< t J-a!jJ J ^ uUJ .J-aLSLlJI 3 j I n r 
(^ 3_L£_a^J 3J2J J'^'a? JuJuelJ 3ij|jj(_a 3_2jj_Lj ^>J ^ <1J^ w ^ ;U,^VI 
Cj VLalo* VI _}Jlc (j I I i gJql 'cl^ .'.' ' " ' i-^J^J 'iT L) ' JJ-^ (1)-* ^-4J-*-* ^-^"J-* 
iL^_lLc J-aL^ search o^t-> «lj^>-l Ijjta J j -r* i uj ^>-jjJ !jl>- j^jj^ ^-S-aJJ 
4_j_Lc ( _ 3 _Ll-j (_g jjl j U M I ^c (JjliLl! |_£j-ui i-3j-J>J V l_LJT jj* j^i-VI <— u i ntlj 
ji iptj J's uU 4J jj^jJLa Ij i ,ijt («^-i2 Lai ja^jiii3 CjL^j_>o Sj^Jtl Q^j£.^UI 
sL£jJLi tjr) 'J a" '" ^ cH 2 -*-^ -sLlc-l ^J .<LLc ^1 ua-flVI (jjJUj_j V (0-4J2? 
^_aLlj_l (_gl 3^.IU"i ill j»Jjlj *LcjVI i -(j^iijjj Cjjjj-A p < jiaj- (J X.I iUir^i V I 
*LcjVI I jufc Ltaj. l.-.j'l JiSj . JLijJI (^JLcuiyi l_^MJI (Jj" i ,i a fjll Jjj^s^U 
mo 4_aj^—A 3jLLa_ll T 'J *° '"•'! /J-^'J-^ i(l985) (jVI » „ ^"" ""j *(lh*j ^ k -'- a 
.jO^la 4ljl3 CjLla »l i""ii ,iLi iJ\a^^\J\ 

Knowledge Representation ij) j«AI JmmM 

^J-u-aj)) L^J (jt /^ g I ' aa3. VI ^_alj-j £j£. _*- I ILa t ^ V I ^LSlxJl ^_alj-j ' allLseJ 
3-JV J" 1 11VI CjLlUjiJIj ( _ ;t j>.jL>JI joJLkJI [j\j jjl laj d^c j j <" (j j'a ■ « 3^j tall 
^JLJ-"i 1 .i_t z 3jLc 4JV j 1 nil I jut 3^jj(J.I (JAali ja^ (jSLajj . i. . 1 »L>JLi 3jj_ajJI 

3jJLUI SjlcLUI ^^jv^LkJI ^j^j-^ uuJI j-°Ijj j^>.I ajlj-'uhj jLla -Sj^j ljj-aj 
: IJJ^iajVLi (_>^j>I.I 3Jb. U r- l- iVi : :ri ^ 
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^LWUI .ISiJI 

(jla ipl J ir^ij 2jl i^ac a VLi j < uuj i2_JLc (jiajj-U SjIjjs- 5j>.jJ (JluL^ I jl » 

.« IjJijI^'iVl £y* ^JLtj 4JL LjJa VLj^.1 dJLlA 

(j-cl I U ir-iVl «L£j_)l J-a!jJ (j-3 SjLcLUI 0JL& Jla (j£, j-iajllll (Ji^i9 

4juj jj-ujjj (JjuUI 4_jjt_j_LLiJ 1 Lujl] (—Jl (Ih^J La • ) J^' 4Jluj jLst_ilj 7-9_u3aj 

i..lU~j 4jJjl?"tl £-a!>J! (^ SjLcLaJ! flJLa (j£. jn«"Hj . LujJI i_^L>J! 
2 j t's>jS\ (jlalj-C.^! (jl-j 2J3^L*J! <j£- j^L»jiI 3jJl»ILoj 5>ji^ Jjl J^>- 3-3LUsl 
jj_a (Jj'nji " 2JL>J! aJJt iJ ^ tr^J • ^d.'." ""' o' J-*-^? C^-" <_p3lj-a2l liiljj 
J ■» ii" La^ J-><-!l (j-IJ 4 Ir^ijj cGjjJa j 1 niij (jl jlxLJjjJI (ji^. I J^>- i.i* i^tl 

£_a J_aLjLiJ! (^Jl £>-2jo u J U II (jr-ijT-MMtl £-a!j-l jl I Juk (j-a >£Vlj 
4_lU3j»a j^palj-cLl (id 1 1 11 ieu a (J^j'" 9' i(4_ajjtxl3 (J^j'" (J-^ ^-^-*-° ' ^J'* rt 
2Uj~tj.x J^-jVl iJJt (jl £-aL>j_JI cdj Jj (jl JLlV L£ njiajj-U J^-jV 3-illie-a 
Sjiajvall 2jjL*JI i.. , 1 .iL»JI /J-o!jJ (jl i^i-i Vj . (j-aJj-U *i 1 n->J (Jjjs-VI «ljj>-^Li 
. (id-L^jJiJ! SjlaAll)) 4ijjLA ,j_a foJJI Ij-A t£oijo V (»3jJ1 
(j-u aLl!I J ir^iiitl i J7 £-\ iU ir^iVI «L^jJ! ^-aljJ «Lu 3j-^° j-i-*f " (*-*! (j-°J 
jljjii .4ijj>II ojut aJlJ-'iih") ^yll! mechanism 4jJL«II ,«iajj 4ijj>II SjlcLa 

-4j*_aj_jJI =L«_Ll c_»IiSLj La Lai 1 2_aj fl h a L$j-lL«-aj LpWjJ i4^ejJalj 43jj(J,l 
j ' '^" (-H-^ 4_>JL*JJ < la * «Lco_aj?e_a J J a "^j Q ' a ""**' ' I J^J-*-^ d j*^ ' Lt-L^aj ^ jjl 

(_L>.!j_o (j_o 4_L>.j_o (_gl (j-3j 5JL»- (_gl ^^ jjuxi (j-^J aJ-A 5_3j-«i.! j!j^ 

^^ 3Ja-SjJI Jl^J Jij < i 1 .1 . VLtS J 2 jGjj/VI (julj^ (j^s (_gl (J5^J ^-aLlj^JI 
.Sj-ujJ! 2 »IaJVlj ,_j^)L>JI Jj^iAJI 
U^Cr?<3'^ J 1 ^"^^ ^^ cr^ J-^ ^ ^^° L5>»^' (_LA=tILj1 J-aljJ JJUj 

2JiiI Sj^JlUI JlcIj^J! (>u LLa J.^Atl !jla (JjSLjj iw_oLJj_JIj 2ijj>I! SjlcLs 

^.aLij^JI ,j-a «j->J! iil!!i (J1_ij-4JlL!! oJLA iJ JS 4Jjsj»- (_gl «Laj^s JJLso (^yilt-La 

(j-o (jL^ !il La- 1 ■» j U 2-jj < I II jl^Ij-SJI (jJI pj^jJLi-jj^j (jl (jSUj i_gJ-II 
(^j . V a! j^clj^J! ajjt 2U mjjj 4_J| LjJLiol (<uj 2JLt>. ^1 jlJoj (jSU-U 

(_gji^j (jL^ Lxjs 4_>JL«II joiij (j£. dlir^iiiia 2j_4iill JlcIj^JI (jSLj j«J (^LtJ' 

5y_aLij^JI j^iJ-«J <_J la!b (jL^ liilj jj^Z JlcIjJjJ! oJLA Jj ' *~J JJJ^"~ 2-ij< ir^i ^1 

.SjijjLa. 2j^iJ SjlcLs 2^LU3l Lijjl L«J^ 4ia^L 
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Jj^5jll! (ji^. L^JjJ^a ^ ^£l\ ila-LoVI *KjJ! *-a!j^J SjijIjJ! 3 n mil J1*IJ 

i>.UJI c^j 3-ajMJ! tuLJLJ! £j-«^>. >aj3 ^jlc 3JL*. ^ ^^o. JjLJII JjJ 

jut ^^ 1 -1 j j U 1 1 «-jJaXm-j Vj j I tyi'tVLi 7r <i 1 .1" V (jiijjJ.! 3JL».j 3j_&L>. 
^1 j U,^^ J^bJL, L^lo juilu^u. ^t JJUU! £$li> jUai! 4JUJI 

. t jl_j^>.^/1 ^j ea * ] (—3 I g-L-La-j. (JLaIo*l *-a ul^j-a J^t L$JaS _9' iSjLSLo J-^ 
i3-aj^L!! CjLJLlJI J-j-«^>- i-jLlC. *_a 4_jLsjlII LcjLo. (^ CjIjIjJs jlitii La IjjjSj 

LJLo-l cjLjLjJI (_>-a*j m'^- U5^i9 • LajLa jlj_2J! LLaj. JLalo.! Jkj ^LiJLij 

<-3>JiJ V ^ JJ! £JUj_J! i_^:V dJJj JLlaj . Igmii't 3Jl mXI 3»nUt 4j*j1i 

Conflicting Data <M jU.41 ^LlUJI 

J^UlJ! (^k- L^J^ Cr^ (^1 'Ui^iVI «KjJI J-aljJ 3 ...aLjJl 3<i,,itl Lai 

d . ^ A I * "i 1 , 1 j "> l n iil l d ■ ^ , ,. * Lo IjL&G ' I i/i«i \ /j i'^f \ 1 ^ a ! * » JL3 djLjLjj A— a 

dil j TcUsjjj . ^Ltai-VI jnii L^jjjIij lJ jl\ CjLiLuJ! lLIJj 4Jal 1 .1 m L$j (j-utJJ 
L«_Lj_i i4lIi^^La (jSLaj CjJLs- ^1 r- ii_! 1 I (j-a J£ j-^J^ '-^P' j^JIjJI JLlU 
10 + ,j_a fLajVl £j!j^3j .<CL=t-u3 ,_£J_a j^JLc Qi^ J^ ^.Lal ^jJ! Jjj 
^jt ir< j-lC Q^JLaJ! (jl (j-LtJj) 10-^1 i(LaLaj ^jt r^i (j^jLUI (jl (j-utJj) 

(5+) 2J L^o^^!-l 

(3-) £ jL^ v 0^ lil 

(10+) j jL^ !(j^ 'M " 2 

(IO-)£jL^ M o£ lil 

ij^-i I J-^3 . (_>-a-3 Lu JL>. ^a_i 2f (3^-1 J L^J^^ 'CO Cr^ J '^" ^^ O ' ' ^^" ^- J 



17 



(Jj^Ljj (jLiUsjLtlLa (jLyJiJ (I) (_j-2 (jLJa-iLill JS-ajj -t-J Jjlj 43jJL>. (_Lti>>JU 

I ,%.al ;" ciJI ( A (j^Ij • i 33J La julL Jl>.Ij OJSj (^ I ^ gjj 1 ^ (j| Lce-I'mi ,il 

(^liLi. (j-UaJLiJI JLs-i (jl La! i(jJj_ujiij JL>.| (_£a-<-u 4J (j-"J-Jj '(2) (^ L*jj_i^s 
JLa_a Jljo La 3_j_3j_li j? LLsj-Ju jl j~ r VI (^^ Ji-Lj j«J 4JV Lajj 1 LaLaj 
A k-^^LU ^JSi I U->. i-dLufc (jl jojt^l J-Aj (jrJL^JI j j 1 .iii'll Lai iQajLaJI jjjjU") 

^ic jLajVLi Ljia^. ^jiaJaLnJI I jut (J^tJj •£*£ fJyjii (>ujl>JI Jls.? (jl ^f 

. £^aLjj_jJL 43jjl1.I jlj^ (j^Li *_a (jiisLuj 2 (_gj-!l QaJLaJI 

The ability to learn ftJaJI <ji« d jAaJ I 

*l£jJL p in'U dJ^LaJI j_uLta J^WIiai-VI (jjsjaLdJI (^lc 3jJlUI» Jlaj 

(jl t_4j*JJ . 4JL|Llo]I »Uaj.Vl (jjO SjLiL-uVI 4j*jil il-jVI (>Lui>j ^1 i^gjjjj 
j ui j tl (j_a I_JJU>-J U, LaLaj Oj-j^l JLaj jLl«J,I I jufc I i ri 1 U jj Lul Lufc JLoj 
SjjJLlLi 4SLU.I ojufc ' ka •"j'j • *Lj£jl Ijjjjjlj (jl (jSLa-i (j-a-a Jjl^ JJi£. (_£j-<-u 

Jj^ajJIj LI LkUlj «LuiVl ^ JiiLa^JI i_alj AmJ 2^lU- ,„u ^JLoJI ^^ 

JUjc-JJ . A i 1 .iLill J-J-C Cjl_aa-L*J,l jl t i*"t 1 ulj Cjl_LaajsJ(JI ^1 CjLuj^sJI (j-a 
CT l2\ CjVL>JI JlJJUso ^ 4_ij< ia ^^1;U,^VI s l£jJ| Vl^ ^ (ja!b.LJI 

La£ .jo^Lajtlll L&ji 7^aj V (^lll JI33.VI dJIj^lj lj-jL>- L$-j3 (a-L«j<l]l (JjSLj 
(JjLa_lJl (joS— 1 (_£JL]I (jl j i nil J_lJL>»J (_3 <d jajtj^aj I (j_a jjjijl j-^' (jjji^tj 

Sjjua (^ (j-cl ; U ir^VI «.L£jJI >iLs-L> J-»-jj • La-jT i^ <>jLUI ^ analogy 

(jl dilj i4jUJJ 42j^J 2K Mia S-u^LUI j-ii. oLaaJjII jL«jIjj/I (^Ic- (jLuU^I 
Ij-tb SJlJJLC ,_p3lj^.l (ji IjLjLia 4j1«j>. (_ylllj !<■_ 1 1 .iLall SJjL^JI Cjlj_LaJ.I ,jji 

5-iJK uiVIj .«LuJ/Vl (jl j 1 „ '1 ^jlc (j-L^ j^La-^LuaJVI Jij«JI L^>Lkj-4Jl 

(^ (jljuntl ^fic (jl uuVI 3jJ^2 (jl (jjt ^^ I ;U,^VI il^jjl ^Lal 2 ^ j^j U 1 1 

(jl_u_uj (^lc jjLa (jLuuJVLa .«l*l!l (^ic SJjL^JI SjjlIII djU<" ^pJI jljjl*i!Li 

- 1 » ■ U ja_al j_A La (j I r j_L^j_jll-3_aL^JI J-^C- Sj_uSLll (Jjj^LfljJI ( _ ;r jj/Lu jl 
■*■ 1 ' * J J .«L>.L>JI Jut^, (Jj (^LflUJI 0JLA pL>.^IIj_ul dt^aJI j--^' (_3 X-lLsHj-ojj 
3_L;Ujl)l (^ic- b J ^ 'iJj^- tj£ SJ^j^s jaitlJI (^ic 3jJL3 t_uj/L>JI *LWcl 3K nia 
(jjlllj)) 3_aL$I! j-;^- (jSI aaJlj « Ltj^ JGj (jl 4-^*J (_jl!l» 3-aL^JI (jjl aaJI (jlj 
5 d U? t 4_Ll«js j-IaJ ^-^-J 0"° J-P^ O' U^^i La ol •" L*L-"-y (jl <j^-«f 



jj .p 1 ■»" tl (_, I f 4_LjL$]I jl i h'iVI SjJS jj-ua^a 3JLl<L>JI (^ jj* jl i n'tVl (^ 
L t - L <aj > . L^Jj^tj j^a 2f Ju (^jLd_>jl j^a «Lc^aj^a j^jJLo t _^ i a^U>-**( i ul ty\£- SjJlojI 
V «L£jJI jl . jl i.i'i^U 2 ijfcull S^oJI J^l^. j* Sj^-lj (^J Sj^ljJI ^ 
j_a dJJj jV lj-J^>- « (Jlj i " j£; Mntl» S-lkJ 4xjjLx^j ^Ir SjjLaJI IjjI (j-uu 
jLxjLi 4jjJL jl JUjJ Laj ii. 1 1 .iLjJI Igj i .i"i < N_i jl jSLaj (.^Jl '^'j'-tf-''' J-3-*-"' 

^"''^bw'j ""V I j-*j .2Lflj-»Jll jljiii-l >* o-"^ g-kJillj «L£jJI jl j^ Lia 

jlsj .database oULl-JI jlcIjJs *jjIj_u Lr c\ iUir-iVI «L^JJI «Ulc aUIaI 

IjJ& LfJL>. <Laji>-~i i ii U jJj-^J'j *jfcLlU jjj^iS jj£jJU dlLa^Ltil »l ulr Iju 
4-JVjiu/VI CjIjJuUI JLsoV LJL>- 0^4?^J ^LiLJ' JLclj^ 4jJLl*9 «Lu 
Lfl_Llie_a lj^e_j J^e-y (j^-l iU ir^iVI ^L^jJI Oo-L (jl jjj^sjIj . ^^j-r alj-i lJr £ 
A Ar."- rt iL^jjJj^j CjuLjjJI jjltcj ^4^ CjuLjjJI Jlcl^JS ^Lu <j£ f-julaj LaJUx. 

ti j ii U i II cjLS^LkJI ^jj-lm] (^-Lc cjLjLlAI d lijii^i" (j-cjj ti^tj 3jIjuJI jja 

. jijLalUlj «Ljj£LiIlj 

J-JI J&rf ^Ui ?l U*LJI £I£U« 

Ij_l!^ j-uj (^ju^ajJI J.^Atl Ijuk ^ L^JjLJjLj/ ^,1)1 3j_o-^/l 2U^;tlj 

SjjJbJI JIJjjJ! (^3 j^pJ (jjkj (^liUi^iVI dl^jJI (j^b-Ll ju J^ 1 ^' l>° 
jl in't^l l^nj fJjlS 5JLjiaJI w <- I ;U,^VI dl^jJI x_alj_i (^LxJ jl V^ d- 4 
3_j|_^iJI ^ j^sLij-JI Jj^sjjj UUo rft^J V 3^jjIaJI jl j»| S JjLJJ Ja- ^ 

4_Ltii3 j^a cLi^^j Cr*^ ^-*^-*^ tJ'J i uJI I JLA /^l^. tl)'- i - uj " ' ^- 1 ^>*i (jl ) * vA$ 

J i "i ui 'l LoJ-Lc Cr jj/Lj/Vl Li^JLA jjt La .(^JLUt JIJjJLl L^ic jjj«j i^jj^l 

i_uj/L>JI qm SjLal<j/VI a| ^1 iii't^M *KjJI ja^a jjk,_L* ' w ^ I ;U,^.VI s L^JJLi 

Jlj 1 .1 tl (jjs (Jj^' (JjioJI jLlieJ (j^s (jl *Lxk>I^J! (j^J ScjLayLtil 4jJLtA (^ 
iJ1lj^- i J1 p^-i j-jI **m i nj .^-jLiJI Jlj i nil (jja (JJ^' (3 ' LUaj] jPcr j i n (JJ^il 

JUJJ di! j (jSLIj i Iflofliit (_gj^j_Us Joj_<I/ La djUr SL^LtA (jl I JLit (j-^ ^J 

. LgjLJT Jjir-iLaJ 5jj/Ijj ^^ic LujjJa q* jl^qJLj 

^^jj/Lu/VI i_3JL^JI !jl\ 3jJil!l (^ i_3^to.^L! I JTji'r-ijj (jja ^^jiij 2 I l_4j*JtJ 
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c_t^e_l 2fJ t(- aUII l^i^e- tl l lSJlA (jS-J (*^ OJj>^^ » Am! a . L^J »_(2j 21 (jlj ((SjijjLa 

3_a-jLa £_&Lit.l a'jjt (jl ji^lll! <j-a jjVj -j-jjj (jjJI i.'.Tjtl *-&LLa -5ju*j (j! 

. i d . ..al * ^ U ^1 J 2 1 S^Loj 7" \ '^ ; J_l9 < Lq u i ■■ 4_i_aJ^, , \ I , lg 

Oo-jJa (jyill SJSj nVl (^ Jj^l jLlo-VI *_a (JjJjj t-jbSJI I jufc ^^ Luiajjsj 
Jlj I n II J-J-J-J Lx.a (j-JI i iuVI tL^jJI p j*l ^t I nil J-Aj l4-fljl I ntl SjJLiJI (^ 
(O-g-oJ V l_Lj| £_a (j-il in't^l ifjj I i n II Sl£L*-a ^ J^ilj (jt l_Ll ( nj< : Cr !Li]l 
Sj mi j II i_3^to-Ll L-ibiej i-djl i .ill I JLA (jl L&ljjl *_aj L$J J-a-KJ 1j j1\ 4-2jjiaJI 
(--3 (jjjLlJI I j * ■**" 2f /^i-JI JjJ-k^ C^* i U**^-i £j£- l_3jju (jl Lu SL aj 4_il Jl_jj 
jjoliia .oVLjji-VI (j-aJtJ jUjIjj/I (jic '- 1 -* LlJIcLcuJJ ilJiSIjII <j-a JLjJjlII 
3«ljJa ^Jl r^tj ^ Lul J-Usl>II <j-a .oiLuL-ajVI ^-iUI f^» iit-uuj (jJI }L°La 
(jl LcJ <j-SLaj (^bJLlJ . L$JJ <i>ia (O-^-ii (jr^LI Cjlj-a SjLC La SjLx. plain J I 
V 4JL fj^ill ^^a-LlI (^iil £>LLVI jlj£i (ji^ J^Uj £-aL]j_l i^l (^ f£-*^ 
2f LLiI Lx*a-jl ?r (<t1^J1 (j-aj . sLjojlUI 4-L L a- t JU (_j>. aj a£Lu_ajl aJslajl (jx. j-l*-! 
(^JVjJI (JjLcjJI (^3 fj-<iJ (<U Vjl i_jljX.VI Sj^cji «l_Lu La SIajj. ja^3 lj_u 

4JL«JI ^Ij^l ^,-nUr (jl ^1 JSVjJI J£ j-ui^j . ULi*_a ^1 J^ ^ L^J 

(_gj » III (JjlajJI J-aljJ (jLa ^LlILlJ i(jLlaj^Llaj (jlUj"j-a LgjJV J j j i .iii"j 

(jiJjLa (ji_i J '^ a Jl (_, I r CjJ n" r I (_,-lIlj iSj_o.VI 3jHiII (^ CjjLj/ (_^lll 

(jV (jOjlajiJI (jlj i". I ir^'^ L$j|j 4ii!l ja^S (^ LSjJa (j£. j-iJ«J V (jOjlajtll 

.(jLcujVI JjiAj L<i^ (jyjiajJI rLajl ,jx. 4j*-ajjJI ^ J^jj/I (jL^ dilj 

i_jjLai^JI jjLuj Introspection (jl U ,", ,„M t (jSLaj 4JLa j±.~\ c_uL>. ,jjij 
(j£_aj Lax. cLaj^ CjLajU aj LiJLaj (jl jlj^VI ^ J \£. (j .iiiill »l qlr Lgjj^ej (jjJI 
Tj^cj (jl (j£La_i CiL^pri t nl (_^t (j^J t4jM-mJ 4_] i la dj se * (jl (_jL_uJ2l (Iajjj 

X-al I .1 II jl |^jLS_L) CjLlL^^J (_glj S> q I ii J jl Ij-2j Lxjs (^LcajVI (_LojlJI L^j 

oJUk (_p-a /j-jLlJ (j1_i 3-ajJJ 4^^Lc (_,-tjJj C^Sj SI a j La a. (jl-uJ L^jIj Sj^Jj 
.ajVjd^VI CjLUaJI »lk ^L>J (PJI ^alj^Jlj MJ 1 ^ 1 

(jx. L^jb I (j^u^-o (j-Lc (jX.1 ;Ui^VI *L^JJI j-aljj Sjjls (jLa lj^i-lj 

4_ajLj^-**i i n U «l^t_aj-ajl -n la * 4-a^^La (_^Jla /^Lc JLp^ j-*H/La a^J ^iU**il1 ^JjjJa 
^ 5-al>JI <>j^ J-^ O^ La^ .(jLuijyi ,_£jj ^JVjCL^VI CjLlL«j«JI SL^UJ, 
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qJb Li£Ls »/jj J i hj VI ( ttL * 3JJ LdJ 4 JV lHi q VI SLlLjjlII via 1 *" aJLC /_yjju ft U"i 1 1 
4jj-3euJ| 1 g ' ga 3- 1 G /qj LLua 4jj-kaJJl 4-se-uaJ a-u-ujIj 1 >gILuiJ iAaLtJl (_£ f-p-« 

joJLc I lj Qj_ La a. j aoJLkJI ,j_a j-ji£ (^1 w *~ I lla .^»VI tL^jlJI jjjLj jj\x-ij 

*L£jdl oL^JiJ, 3_=^ jLu^V ^Ijj 3_,L£ ^ ^ ^ er^ 1 c_^,UJ! 
interactive 3 j I r La3 Q>^j o'j ^^ ^Lh^' " , - JL * O^ Ij^'j ,_,«* I ;U,^VI 
3_iLj£ (jJI 3_».L>J! jl La£ . S-lLcLoj 3_==-ajJ CjLiJ jjoiaj ^ liilj «jfcLu/ J_2_3 

jjic j^j^ jr!-^ 4l (jl^ jl£LaVI jj-»3j j>^ j-° jtH^J jjU'U 3_L>La ^-«Ijj 

3 U S J JiLJ/ La-a i3_JVjCI<j/VI oLlUjlII formalization 4JJjj_i^s jJolaj (^lc 
«Ui*j w ^l:U,^VI ^JuM »| lr 32>Lc: j| La£ iCjLUaJI ojut JjI^ 3jI Jy 

iLjl i^-iritl (j-a j-u^j^ ja^^to-l jja ja£.jJLi 3_uLcuJ2l 4ii!l (0-#iJ 3-jjjj_U3 4il!l 

.-iSUi^^L^Vljo^l aULucjLa>Lc ^1 ;U^ VI *Kjdt *LaLtJo' ^ 

sL£jd! <j1_l (Ji-ljilII i (j-Jjj-l OujJ>.jLa dJjLu JLSa 2 A , ..lAttj -\ ,'^r- VI 
(_£JU£ajJI L$jL£ (_^ (jj-jajJI lIt!"^-^' f^J Jjir^ri'llLl Ail«JI (j^LlJ (jX.1 iU r^iVI 

S-lJL^J^I 3JLJJI a^s interpreting images, oLujJ.! jimn" • i _ r &j j» Lj^M «J-* 
i(cjLljjJ.I j j i aij) Jj^/I fj-usall ?rLb=j »(<>l«*itl 3j-^J '^hh 1 ^' 2 »IaJVIj 
! j_A J-aJJ icU-aLiJ! d "i j -r (j '< a j 4J3jJa 4J {j2 43IJU t_ib^ 4J Jj^J (jl (^l 
I j J J (2T 1 i "' $ ^ I flj-2j| )tj>.j_jj iujLjSLII I jut ' ^-tj a ^j->l i.ola.1 (j Uaj TTJ^i- 

M Ll£JI I jut {y* JjVl oJiU! JjLuj . (l3) olj^ jl ( ' 2) Lpb^> erJI g^jll 
aL-SU 3_jvL>JI J^^. ^liJI eJiJ! jjjlj U-Lu l 3_uL^^I iilJI ^^ 3_.,-^a 
JjL-ujJ! 1_LjjJ j_s^1j (^LlILij 3ijjtl.l jIjjs -i j At 3_^>.Lm<j/VI cjLJL«j(JLi 

j_itj Sj j j -»J 1 sLaJaJVLl ^r-i'iT-j'^ liJliUI «j-><-!l Lai i3ijj(Ji,l JjIuuJ Sjsj^UI 
lyzj * '< i "J . Cj Lag LlXi ^ j * 5j ^—3 Sj^j ^—11 ^Jiljj cGLoj-lLsj ^—3 /^-tC pa-Usa-a 
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^WuaUl .ISiJI 



3j_la_i_i t_iLlSLII /ojjitjj ijlSLa^M oJJt tc_lUsjjJ 3JiLoVI jjja JljJLkJI w ^»" i "J 
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3*\£\$ ^^ 



(jJjTljj 3.iJL»_a^ 4-^-iJal^ 4-lLmJ.I Jj*. i " ■ I j La ». (j^j Clt-LV <Lj JLlLlIJ I i_il.uL.j-J I ^_aljj _S^L>. ( I) 
.(a3^PXI) -4j*-aj-JI _jL*J AljL-eTu-uLi g-A^j-? ^\ 3-SJ—-J.I _jIj1_>JI dj-A 4-4^-jJ *-aj_J,l 
4-uLl^>JI —jLLjjlII ^_l4^*l2 . pKjJI tjjt IjJLS t— J — uj t_o-uL>JI ^U.VJ *-j-4^ (j' J>— " ' J^'' "■'' (2) 
tjSJ_9 tel^jJI jj-a IjJ— ' (jLjjJ^I ijji ' i i LajJ aL^jT 3j— : ■ k- 1 -j" a ^ljje__tlj 4_4_u_^ — Jj-Jaj f-<^>- jj-a 
i-jjj—t-a^ 5-se^alj i " ■ I j La >. L^J {j\ ^ I'.U.^VI ft l£jJI L^>JUj ^^IlII 5 U A '. V I ^^j^ Lg_Lu Jjj—JI 
. (p_>- j~U) - 4_Jj J_i_jjj La j^j-pi $\ ?">-— ' f jSsu mm ,jl (j^-i c^l U ^ - ^ j Cjh'L>Ji \ $ » f\j\ 

^hJI cjVUTl^VI jjlc o' u-^'j 'li&t 1 ^? 1 £&*^\t ti&*y\ J& <iL__JV! Ua JjU_ (3) 

.(p~PXI) 

Aj-aj t<45^»- ,j-uLiJ (j^Jljjv JuvljJI J^J-3' <jr— 7?-^ U mi 1 1 <li^ Cj1^jj>- i_ j!^)^ JJLc i t-i . <>j— a i_Lu (4) 
JJLC (jl I J_d (jr-*-*^ KUU"! JS 4_l3 _]j_»_J (jl (jSLiJJ LtL>ijl (j^J^_ (jJLufct) (4£jJ>. (j-UUjU (_t_V JS 

^1 (3 ^1 10) = 40 ^1(10 ^1 2) = 80 ^1 (5 ^1 2) = 80 ^1 30 j_jyi j^jJI <_fl cjVU-^I 

.120^1 10-40 

(5) Polya, G. (1954), How to solve it, a new aspect of math, ematical method. Princeton, Princeton 
University Press. 

(6) Dreyfus H L.( 1972)What computers can't do: a critique of artificial reason New York Hater & Row 

i t-i p^pj ij\jJu L__j *Jt) (j^-*-° (J—""- 1 1 W c J-^ t d f^ <_7~" 4-J-J— -ojVI <_jL*JJI <__!* 4jjlj_J_JI CjLilJI (7) 
CjLiJ j\£. L__Gi*j (jr&J \-0>j-iC.j 4j^_lL>o'^I^ 4_uU.2l^ 4_jjj_*JI _jL*UL5 —jjjlAJI oI^j^ l_ lljl— — acJ 
. (*>j>.j_1,!) . 4-Ln-a l _j_.|j_c.^/ Q-a-a^a <_7~" J**'*'L? .' ' "*^_? ^L^-a^j-J ' 
CjLLI ,^,-A^ Jl»-IjJ ; Ai ^ t^-JJ-^JjJ! ^JlJ-" mi"\ ^1 <ja^aj-JI CjULI j^ LuJlII <■ rr»L>JI oUJ (8) 
tjj-4 AjLJe-Ti_..u-j^ (jljjj^S^ ljL.-u-U^ JISLjjjL (JlLa « Liloi Astc-aj-i CjLiJ p j ^ < ^*" J^a ^jJ^^/l 4je-aj_J1 

. (Aj*.jlJLl)directory, if.. ...then, save, type, print t JiLa 4j^_iL>oVI iiill ,j_a ifljJLa diUJ^ diLiill 

J_>J 4_flj)j_*_a jjj-^ 3 _3^ l5"^ ^"^ l) * Ct^ 3jJL»_a CjLaji«_a I ft^Jjl CjLaji«J,l jj-a (jLc^J dJLLil (9) 

(j^l J-i^sjjJI 4_3_j^i3 jl ik^I JjjjJI cLo-c^Lc AjIoj_iJI)) (Jj_a t_-t T i S LI1 (^ JL>-I^jj (jl ,jSL<ij_5 (JjLjJ,! 

4 \ j Lea >. jl ^^^.^ 4_«J ,j_a tjftz-i 4_«_>.j_jJ 4_aj^MJI CjLa^mi L^jjIj^ tALSjil ,j_a JJ-C i l-i . «£la 

. \as»._jjX\) . (^lea-uaiellJ I CjI^_«j>. _ejl SLpJI CjIj_l>. 

(10) Winograd, T. (1972), Understanding natural language, Edinburgh, Edinburgh University Press. 

(1 1) Boden, M.. (1977), Artificial intelligence and natural man, New York, Basic Books. 

(12) Brady, M. < 1 983~). Computational approach to image understanding 11 , ACM Computing surveys, 
Vol. 14, pp. 3-71. 

(13) Pratt, W. (1978), Digital image processing. New York, Wiley. 
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l_i_Llie_a tt j r>ijjj ^^1 J ir\ litl I jut (^ i_SJL£J 

(_,<iiitl JoLiiill djg i n't (jl ,j£Lxj La L$Jjlj mdjtjjUll 
JjcLHj SjLc 4jJI j I uij La jj»j utilitarian activity 
man machine interaction (MMI) 3_Mt *_a (jLojJ^I 

i £ \ r< \ ... I I >^ /j A i n! .". ^ * , L~* \ ... i I I I i A ^ ^t"i -»- i 2l a 
(jLojJVI (j1_i Jl ir-i"VI J£l_Ju_aj Lx-ilj l^j-jl I .1 1^1 
I j_A J_«_>u (j! J_jj_j (ju*_L3 ,n uue-a Li i .iLaJlj 

LuLiJJI ^JJ o^3 La ^j-al ^LiL, jjju JL^GVI 

Sjl t'n-xj dUj"j-l,l CjLii)! lLIJj di! jj (^yltJj i<Lut-ula]| 

3 j m'tj-aJlj 3_jj_j_L>oyt t_jLil!K (jLcoJ^! 4iL2iij 

^La-Lbe-l La (jl . JLlU Jjji .i (ji^. 4_ujj>JIj 5_uLijj/yij 
LujJI (_u-uL>JI 4jLtjv_jL«iII tfj_A Jia(j^_lj iii-v. j-& 

Ld*JI a^ajJ! oUt *Li> oL< oaj . ajVl l^Ls ^1 

I ft <\ y jJ fui (jjJtj-i. m i jt j J>>J1j oLHJLJ^ J^- 
^-alj^JI *u>-j-La 2^ mljj LujJI L_u-uL>JI SjJ ^JJ 

Vj .oUoVI Ijuk (_yb (jJjVt 3jlaJ>JI (^-compiler 

(^j-S j , .1 J? j_A L_lL«JI 4ua_ajjJ| oLLI (jl i 'I mi 
L-iLiJ lLLIJ j_a JJi3 1^,1 VI .p-Ltullj JU.Clu.VI 

Lijl (jJ* Li* U^j-I^j (_PJI 3_JL?uiyij .5-LC.I "lUlr^ll 
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CjijlI w£JL>.I p U**t j vlaxcaJ ^jl ^jjJLij 4_jjlj_lL3 d u t uaj 4J V 1 x_^a jjLstLu ^jt Jioj 
La 4_aj*.jjJ La 4JLjjJo JL?o ^jt 1 nlr (j-\jfc_u L_3JL^J1 1j_A JjjJLrelilj . sLrejaj-J I 
-ij^jJaJ! JLio^l oLkita 3Ui,i1jj-3j<hUH 4jiL c_^-uL>JI f>jir"i,ia <*!>. Jj 
^ljA-.,„VI ^1 £ Lbtj La IjjiSLa . 4J djL^Lu/Vlj * -i j'a 3J}U <jSUj JSLi ^1 

^Jl Miu r^j^tJ J-S^ h_uj/L>JLi oLayLtl! SjLcLa ^1 £j>.jJL> La e.^^ ,yc. 

•.^LUK Jtj^J^uLJ 

6j m f jj-C JLjj-j LojIj ^ * <•> 1 fi**M tfLSj^luJ Cm a t u (JJi*- ^jiLba-a ^j-a m£1» 

t i __ r JLnJ 1 j^till (jlr Jlj i nil I jJt <Lai%.jj (jSLa-ij 
(^o_u_oJl c_UjJJ» i«£ lSj-*HiJ C-t-ujj-u (jj-^ 4Sj-tIi = (_>"* (J-a£. »-_ o*Li-£S» jj-uj) 

^jdlj (jjj jl>aVl J£ 2l3jj>^ jjjJ Lul 3-taL*ll ojut ^-utij \ 1 000 < <jJ5 

^ja-ua 1 fi**MJ tfLSj^luJ t. "M a ( n (jj^>- J-A (J-aX. c_o*Lt-£3 J^J-I ^jjlaJLJ {jjrtV^^a ja_A 

3_I^L*JL1 ojla (JSLJu jLp^.1 (jSLa-ij • s Lj-^>- i-s^T Sj ^.r ,2^c. jjjj Ljj i. .. Liij_a 

^L^aj_JI oLiJJ <>SL<u ^1 ol^kiJI <>a 3I ,„ I ,, m f Liiij SJSU ^La^lC£ 
JlX.Ij.SJ 'L^J-j-J (jH-I' CjIjI i ,tn'i .i^LI «jLi r-jjx-i JIJj^JI I JL&j . L$j ^LlSJI 
(j_a ^IJ inll I J_A (JILa Jjjjoj . L^JLa CjLaol*_a rMj^r" i u] L^JL^J CjLaaJLajJ 

SjlcLSJ (jjJLaj 3JVj <t! (jj£j J-Ci ^Jl 3_uL_aJVI 4ilJL> 3j»hUI1 «Gj>^ 

t.S j a mi (jo^>.» (jt cljjjG CiLag LtXI SjLcLs ^jt C^J~" i iim ' ' "L^*- 1 ^-iLaaJjuJ 
AjL ^-**t i uJ 4£j-luj\ aJJb ^jij i(>iILa cJuoj-a jc-*_ol ^j-ajjj) 4Sj^lo jc-*_o1 j_A ((^LSj^loJ 
JJLX. ji p {j f jjl— ulj jj-u-jJj J^ lilAjll £2(j_& c_uljj-J Qa a"ifg a Lulj t^ nV^^ja 
ja^jjl jj J£)3 (JJ JJI (jr^aJiaJi.1 sVj^j Qajia^a (j^ej-jiS I 4J3 J-J-Jj i MHa ja^JLila I 

.jrjjj: JL3. ^ 
^j-SLa-i L^j2 i3j-_Ai_j ^_iL1lj 4J ^jj N i (jt 4_l1S1lJI i>jLA a! Jlj>-**( t nV ^^^-^^J 

jj jj X j jlS jijj>.j_i ( _ ;r j».jj (jtjjU jlj-'- (j-3 Jji. jJI (j^s SJVIj (jLcuJ^I 

tjl i iuVI (Jx.Loi JLtcjs (^ 3jsL& i " 1 Ijj laj J-^5-u (jl LJj 1 1 -i j UJ JjLull -1 j^H 

.SLajLoJI tllljluJI ^ 3J^I «ji 
A ja i uLu La jjt « d j < j j U 1 1 CjLiill (O^S)) Otr>o y-jjulj (_^<JI SJa i'uVI (^Lj 
La SjLlC OJLiC I jl La jjt Luk ^ '"j\>II Jlj mtlj ^ySjalXI jl Mjaiill Jal uilll 
SjJJI «Laic ^_jj JL3J ,4;LajjJI SLpJI ^ ^Lt3 LgJj-S <jSUjJ Lj>«-! 4j-jt r ^> 
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3_ijj_c. JJl-j-j o-^' J-*-?^'j CjIjI ntl aLoI «*» iu>j > i<ij (jlr (jji^ ir^LtXI 
La I juk J!Ujj h2j!jLl«JIj J-*^J! oJ-A ^ 4jIjJJI j_<-u <j£. JJLuiitl *u i^J 
(^JJ (jjjJa-b La£ .Le galistic aspect ^jJLl!! i_JL>JI 4j1c (jlUJ (jl o^-*? 
i5_JLaljiJI jl 4_t3jj>Ji.l I jA^I Ujt jl ,",<- I j_g| qjj \l 53 1 ■■ " LJLi£ LtjLOcLi 4iill 
(j-Lc j£l ^ jJ! (^ < , „ a > ji3 ^jJi) ^ jJiiM ^.^J <jjJj>LI jjjI (j^j 
q\ 1 n 'tVI 4_*hjcjj ^j^j (jl (jSLxj La ,ji-J i.?' *I.sVIj 3*LiSLtl <j-u j^^-*^' 

t_>*a5l i^i-»Jl 4jj/IjJ (j£-«J 4J| ^'C 1 .1 aj^IiJ JLfljJLJJ . ^L*3 ^J-Sj La (j-UJ 1 ^i>^ 
■*IJlJt~i,iVI L&i fuJ J^l\ ^LiSJI ^Jl £^>->II (jj-S *i^ ^oK-uJIj SLlUsLjjJI 

^JJI «Ljj_LiI! »l olr oL>J!j oLsoV! Ijla <j-u jIj^>.jJjj (jjL2jj . (_g_jAltl 

(_,^ 1 .1 aj^Iij (al^JJ . jLpc VI fjk i-dLCo-VI d jUr juWl (jjj KjjKjJ.1 (Jjjj/jJLj 
j^_aj-t1 a! Ialbl /cSL>o (-^11 d ^jj ' all JLcl^JLll ^ alajl ] (_£l < ^_Cja ' a J I ^t-Llu 
JjJ^o (^JJ ^ 1 .1 ajJlij (jJljj/ jlsj .arrangements of basic symbols 5-u-uL.uVI 
I j «j »j j-fcj Sjijjcjs iLcj^ja-a^ universal grammar 5-JSLI! *LtjVl T^a^La 

i J j Still 4J»JLl L$-l ^^(jliJI »UeJ^fl (jl (jCi aj^Iij J-Sjj . S-uL-ujVI CjLiltl 
-4JSLII sLsJ^I ^I-SjsUJI i^jLlL! (j-a (jjsJijj (JJJJ! j mi j It L^aJjtj (J^Uj Vj 
( _ ;r j>. jjj_uj I jl_£>JI (j-a !*>>• i_gl innate 3Jijijj_a ^ *C , „ aj^Iij Laj-lUj ^^itlj 

(^yjJI dLse-lVI Pjj (JjiAj ,j-a Q^Sj (jl Jji1>J,I J^- (j-a 4JLs IjL^Jj .(jLjiJ^U 
.(JjijJIj CjIjLjl!! (Jj1=>o (^ ^Lt3 L^-aJLa-" 1 n't 

(jia-3jj it-ibSLtl I jut lJ J2 a ^3~\ o' (Jjl^-L" lS-^' J-*J i3t-i *i*t VI tiJIiij 

(j-ut-a-i-31 —a— \ T 3_pcJajjJI 4j-LJI (ji_i 2 1 a a I c j-ii 4jjIj 4^^L«J . U , .,^1 1 («x.jJI 

J_«^JI (j>SLlJ ol <> K tl j-jLIjj inl q K tl (j^£LlJ l-2jjjx\} (j-SiVl ^-jLqJI 
diti (_>uSLc (jicj .5IajJI ojuk 3JVj Jjuo (^Itl 4iujjLtl 3_ujJIj-oIjLl«JIj 
inferential 4-JVj" mVI tuLxlajJI (jf ^ Lut SJLaiil j-kUl ^>-j (_P-«j3 
-i j'a (jlj i(_>-aJ jl 4_La^>. ^] 9 1 1 .. jl 3*!>s -L?^?-^ L*JJ-^ t_u(Jj processes 
«_U3J>. /^-^ • J-^ I ^ijr*-" l5 1 (°-^ (l)^ ^J-^5-^ (j-^ ' a u ge ] A 4j9_iljl ^j a>a Ltalll 
.J_^a ^j_a 43jj(j Lc^ La JSj LgJLSXmJ (_^JI Cj Laj U q It I i q'°\ j3Gj (jl_o-VI 

^ ^jjtjjJI jjjJLj o^jJ 4JSLtj 1 Ijjj syntax a^ISL!! i_4j^lj^J (jl j^JII <jjsj 

'.(jOis-j.a (^1 d U-r It I '< n ^'^ p 1 .1? t V JLi^QtLi (j^tjj .^ jtjjUtl CjLiitl jo^S 
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. LgJ LJVj }J-jJj*j <LulUI » Lajj isyntactic tree t_j!j^.^l Sj^ji (jjSij ^jVl 

. I , , . Vi I * , ,. \ ; £ JUM * 1-^ a I I a ^ < d i j| i . \ys 1 I i ">1 * 11 1 . *% /I /* ' v a , ^**( 1 1 1 ^ A Ill-O Ml 

ijIl1\ LcJSjJa (jlaj-cj j j i .irTt Jj i42jjJa (_gLi d j < j j U 1 1 CjLiill (O^aJ J-a'j-J 

3jj! jJI LlILl^T jjjj jLo^V! ^ (jj Juki njLoJVI Jjj-k <j£^> '-'i"*^ » J*tj 

d » i i a ^l 4 jtjjUll CjLiil (j r-i i rO -»J. I j i_jL~£L)! ,j-a >j^>J! ! JUt ^ i iin'nj 
L^-ol Jl?-**u J <j)S_4_i /^Jl «Lu_uL_u 2l j-jjijlII ^j^* I (J ' aAJI 1 JUt ^^pajjuj ^Jj < -^Q 
CjVjLaJJ oJLxJI (J-LQ-flJI ' n i^jij . CjLiJJ! ojut Jila «a^» 4jvjJ *ujJsjJ 

oljLi^. JjlT~t e^£ (jjJ! (jJjVl j-o!>J! j-jIj-II Ji^iitl ur* Jjl-"Jj 
njLo.^/1 -i^«" ^ ^jlcI formal grammar ^jj-i^all j-»;tl 5-ajLJ-"i . .. a SluaAla 
(_P=>jjijj . JL>J,| ! jut ^^ cjjjj (jr^JI 3 i "j'j-!! dK 1*1 U J tnn\\ I jut i h t ^-m Li£ 

3j-t= l£? ijjialll I jut ^ C^oJiiei<-u! ^ylJ! 3>^' (J ^ * .' ' 0"-°-^' J'^^^ 
,i_ljj/L>JI Ji-lj L^J JIUj (^gJU 1 ! Sjjj^aJI (^JJ 4i*5ni! 4jjL«JI Sjjj^iJI Jjjjo 
^c £L3^to.|j jjjjaiil a^ISLII (Jji-so i_u!^>- jn<i (jjjjLvoJI J i^iritl i 'n t nj\j 

Jljlj jo_La 2 j»jjUtt oLiill 4jJL«ji 4j*.jj ^ Sj_u^ Sjjjjtl I j Ijjjlj (j-alUt 
(_>-a_Lll < j a i.~. se j ir-il Jj . Ltl_L«_o ,_p-«j internal form Lkb J*C .'i, ^1 

t. ■ i nL>J1 ^ la i o) aj SgljJLlI i>JUt O-4-J gl^j-u 3*1j-iI1 gLut L4J-I! J-t-^^JJi jj>^-4-i 
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Li£L^ . 4J 2 1 a I jL_ujJ^J dim flu ^I^oj-u -n J fl 1 J l-hjjju /Q_i JLdj LlA (JjL>.| (jj 
*L£j_LJ t-k^jju (<uJ-23 (jr^- i^J^ ?"^ P^J ^W Jj^ ' (Jotiitl (^ CjjjljI/ 

t lj\ &j>. (j_« ' d-Lj-3e^q t cjL^_l L$_Lo ^_p /] ' a3LLJ j-uL*_o SJlC aJl9| jl ^—LiS-al 

(^3 *!^VI (^ mVrt olj_ii>JI <j-o («l«i!! jl ijo-uuilll (^lc- SjJLaJI Jla ? l£jj| 

:3.}JjlIU jo^-ill oL».jJ i_£J^-l 
tj^&Z jLj*-!' 'J-* Sj^ jl . 4aj^Ls 3_2jj_Lj SlL-u^l 3->L>-l (^ic- Sj^SJ' - 1 
^JN i"i ) lILI!} lJijjju jjS_4-i 2 Ls_Luj <(4_$_i^l_a 4_]L>.2l j^So < 1 1 laj ^—3 jjL.ua 

. 4_a*^La jjS I jj£j 

.(jjji.1 4ijJaj LaLula L>.jLiu iCjIjI nil 4^.Lli^3 SjLcI ^Ir 3jjl2JI -2 
J^i U 5JSUII jl 4LaaJ.I ^jbiJI *LWI ^1 ^L"lTl^VI Jl*. SjjlHI -3 

.^jja-Vl j-uUll jLjj«II I J-A J o ilng iljj 
O^Lcl Sj^lSJI j-uUA! ^jllijj .^jjs-V 4jJ <j-a 4-hjj.jjJI (jic SjjJsJI -4 

o-^b-^li o-'^- i J-tH-*^ ilhj>^ ^-th'-^- ! q "^ +" 'Jy>=*^! c^-^- ^-4*-° *j^ 
(jSU^s jjls Jal *LLicJ «_a i4Lu>JI olJjSLa j-u j^x.1 jgJIj 3 mj mtl oLa^Lti! 
J ni '& 4_Ju.al_La j_Lc julj Laa^ cA^J i-3jjj/j . 3jj_&liiJ! d j I j 1 1 4_l*j*^(I ,j-o 

a_Lm^l ^ t j^j JiAJI loA ^Ll^I o! ^LJ^I ^L^-j^iJ (^JjVl CjVjUai 

cjLa.l"i'"ii .iVLi j»Lj-i!l (jl Ll& 7<Lxisjj (jl t^-^cjj • juj^tlll lJ ^£. 3jjl2JI t-iLtc. (^ 

(jjjLJI jiljJ JLjJ->OJ ijj-aiJI (ji j o i <-i" a jjt La JS tc_lUsjj J n i" i _i jl (jSLaj 

LujJiiJ 4_ol_gJI vZjLJjSUI i^Jo-l jl .Oljn imU (jlc L^jjdJI (^ic 3jJl2JI -5 
SJijlj ^j~-* uiJ\ J I »(_, uJI (jjiAJ ^1 SjLJu^l (jSLaj 4JI Li^ljjl ^^ (o^-iJI (jlr 

1(1 U'ljlj .JJO L^aJ 5X.JJJJ*JS jl (Jr-IT- l"l j<Uj/I J J U I nj La JulC Cj JLaj L«^ '3j^° 

. jVjiii-uVI jl4ijj(II (jjs Ijjj^ tjJ^a jl_p.Vl ^j^«; w ' a r-j^- t-gaJI f-»->U jL==j1 
Alan j-bjjj (jVI) J;^ ^^ *^Ji! (j-yj>J)jLpi-^ J^-^' «bVl -6 
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AjLJf'lln'l Lul (jlaj'lri't '.(^JLlII jLuO-V! (^J-lLjO^I 01_lUsLjjJI j«JLc. Tilling 

4_jJ3j»LiJl 4_La_>J,l (j I l_3jju ^jse-i^ t^jLsj^. «uiuLil/j 7t_uLLa «L>.^Jj 4_L3jJa 4_Lu*_a 

Li^jLj I jal i-3j-«j 2 U-cSLIj njL^iJLi (jj^-i LjLo.Ij i_i < ..L>JLi LiLo-l Jj^saj 

4L^5jjs Oul£ I jl La <t3jj>_a (j-ajJI (j-a 3>i3 Jjlj » U" i .1 1 joJj i4-jJ3j_LaJ! 4la^J,l 

^jLoIl » j'^**' ' " *j *(jH-^ ??- H>~' cji (J-9^ (1A- 4 - 1 ^Ls ^jL-ujVLi a! >. ■ 1 uL>JLi 
. jLpi-V! I jut *bl ^ J <jiM ^^o. j-oLijj (^1 j^b (J 4JI J^iJI (jJI ^LbtJ 

jl j'^VI (^ (3SL9J 3jl£. j a" 1 11" (jl I4I (jSLal (jll! 4LlL2JI £_a!j_J! <J^juij 
* ' u d * J l ' mU' l 1 f I a 1 , ,, n L^o 1 4 1 <"■ fl 1 ■ Q 

7-LaJj| (_Ll3 (jj»jiiJ! j-uLtU ,j-a J£ jjjfi-»o i_4j*ji_j ij_uL«J,l ajjb (J£ (jjjjLcoJ! 

.(juijl mil jLu>-U jLpi-t cr^ 
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tP-Ilj a j . j . U II CjLilll 4j>JIjl1 iUbitl iit=till CiVL*joj fjjj Li* SU.V.'Sjl j i_MJXI u-i«J (I) 

.(ji^H.1) . C7 £l ;Ui>i VI «KjJI j^j lS- 13 -! L^jj-V 
cjUJ Lai .aj'Sl l^;-' (jill iiill (^j ,Ua jl,.|_jJ|j jn.ntt - iv...... LjijJl i_^UJ| lij (2) 

2 j . . . la II CjLiill (>a JiLLIlj CjUK j>Jiir'i , „' ^^ .(jjl ..J^JLHJ '-.""J I J^>)Lt ljL " a -^-> 1JI 

L_LjI |_£l l4-J_3j_*_a J^-! La Jji I Jul £)1 ^j j-^p A^rt" rn^l 4_o^Lc^ '(JjdT *^ ^-* "O-"" j-^J-* (3) 

f^ljJl oj^d 015 ««*i^>Ai £u *-m u^" >* «(>"» J-*^ Sr^^ Ui^d L^ 3 * «(>"» 4-J^-i 4-3jjla _Ljj_j 

.(^ajv^lt!) .4- l L > . i_sVl Oj-C1i£. £jC JjJj «,j-u)) <sLuaL5llj (_£JJI t_£j_L<-aJI 

(4)Chomsky, N. (1965), Aspects of the Theory of Syntax. Cambridge, Mass., MIT Press. 

4_l^jjJ,I *Lj£. £)V performance ^IjiVl^ competence 3*LiSJI t>_j J_ua^aJL ^yiL^i-aj-JLj aIaI (5) 

a£L=»iJ (jH-JI JLcljJLl! *JajJ l^jjlIJI t±tJt_JI i_3Jufc (j^JJL^J^ ^jjlUI ,__>*2_<JLj (JJ <i" ^ J 'j-*^ 4^- u LJI 
^Mioj^ijgc-Jajf JLS^ -UjU;* J L^SLajl^^lj^^-aiJI J>L^ £>* }Li3 fcSI^I Li>*i" aIjlseIujVI 
2U>.l3llj ZUxiiA^I ilL^JL jjbjj#Llai.Vl <>a JjJutJI 4_!jl xj^jj a>15JI ^ 4_ua5t£iXI SjJaiJI J\ 

^ylll aISL^VI {y& -»■ i axi (j^Lllj competence aKTlU ^jlI 4jj-iill i^jJJ jujj*Ij ^j-iill cjj*_JI i_sj_& 

. (faJ^^H-U) - La SjLlC l_Laj>- _jt 4je_i^3 ^J<~ p lSu I, I LtjJLt^J 

(6) Winogmd, T. (1977). On Some Contested Suppositions of Generative Linguistics about) the Scientific 
Study of Language:, Stanford Artificial Intelligence Laboratory Memorandum, AIM-300. 

^1 4_i3^_i^3 jl 4_pj_i^3 CjjIS * I jj-u-(j-u I jJiJ Ij JLcljJiJI f-4^>- Lul L^j JLuaJiJj tjJej £-<^>- ftLjeJil (7) 

(8) Chomsky, N. (1975) Reflections on Lanuguage. New York, Pantheon Books. 

(9) Chomsky, N. (1982), Rules and Representation, in The Behavioral and Brain Sciences. 

(10) Schank, R. C. (1975), Conceptual Information Processing, New York, North, North Holland. 

(1 1) Gofstadter, D. (1977), Godel, Escher, Bach. An Eternal Golden Braid. New York, Basic Books. 

(12) Dresher, B. E., Hornstein, N. (1976) On Some supposed Contributions of Artificial Intelligence to 
the Scientific Study of Language". Cognition 4. pp. 321-398. 
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jj-C «*S-^-3» (j-x VjlJ «3^JLjljj)) 3_*K a Oi r"i i n't 

Cj!j_o JJLC <— _>l i ..->■ Jila (j-ail! ^1 r^i-wVI (J_lLxjJ| 
Vj . ^LILa /j-ujLju-u i tl Laj> ^—3 4_Ll*_o Cil glS jlj^jj 

: <uii 4*»>ai ^§a i -a§w i 

3-jL^J ^ '"'J jk ^ <-. ' i'iIj^II 2 La i "lj; m£>>-V 4JLI 

i cj^jjijjjij j-iy oj'j ltV £ t-<^l-'- a (^ I946aLc 

CjIj ii ui II J^s- (_j^ 5-aJUa-"i i .i U 3j-^' aIj VkiiI 
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3_«^>.jlU! (_yfl i_ajj^til ^ j i n ill jlj^lll JjIjl>. ^Ir cjjujj^.1 (j^JIj 3-jj i ntl 

CjI n K jl l-Sjijo. (j_a l_ja^_a ajl j*f L (j-aiil d jK ."ill 4j>JL*Ji.! ^^l^- 'j^Jj 

*L>-jJl-I 4_LaL£ (j^LflljJS JLioLl jj I *"'" L&> {j* J r*i (jyjJI CjLij< <<*>\\ OuL^J 
CjUKU ttj^-i^II (j-udl dL2jjlj (L^jJIj Igia (^K^UI) (Irpilll (j^a JSLI 2ui2L£ 
LoJLlC ^^o. i4-iilli>J.t CjLil) aM£L!I Cj-ujj 3 «itVi! JjLuj SjJjulU (jJUIl Cjlj 

• Li i_uo ^ /? )1 '"■**' c ' i aSo 
«t_LaL£_Jl '"*' ^ JJ ' galul L#j ^j-u-j-ol^^ (-Jj^/I 4_<5J*.j-iJ1 ^_alj-i i.'miii JuLJj 
.j-iLuall L-ijj-i^ij JLcIjJJj JLlS^M jjjo- (jlc- lSj^^ O' 6-° "^^ J*^ J^ 
S-jj-djo'^l (jJI d-u^/JjJI ajiill <j-a 3_J^I 3^>.j^iJ J-aLJj-l Jjl (jia^l JL3j 
(jjj SjJ-lLjoVI iJ ls 4-UlL>J,! CjLu>-j_i!! J£ L#j 4-uj/Jj «L«i£ JSL! «u!jJ3 Sjlc 
^1 (_y^^- *_o!j-lJ! "J-* J-J-^J (0-1 I JSLtJ -4-a-j-r ir^ll (^jt LjJjs i^gl JaJoo 

.3_l9joJ! 5Uj*.j^JI 3Jb.j_a 
l-JjJL LaJLtj CjI h" 1 .itl J^li- c ^ < ^' 3^3-jZiJu aLjUaVI <1cj_luj ( _ ;r <l/^ljj 
(J-iLufc jL) (jrU J-2Jj • lj_u£ j-«Iu ^«J i_gJJ! Jl#j>J! <j-a LoLc j_<iLC 3 uiya . (jj: 
S^jjlI! (jji BjicLLi i_l^iL>JI J^jj o' '.'lt-m 3_J^! 2_*».j_ijM (jl Bar Hillel 
.^—jlSIj jj^ 'J-*' T3-^^ a -J-f^- '- a ^-^J t4JLcL£ L_3jL»_a 3j-j1 J I Q -a*r a. *-Lu 
joJ 4J I j^ jdj (j I i_oej 1 IUj 1 .it (j< i 1 ntl a JJt JLgo. Sj_«j (jL£ I jLt. (O-g-ij (.^LIj 

j^tUI jlc!^ JLi-^l Sjij^ (j£. Sj^La oij^J! di! j ^ j^Vni ^1 ^jd jjSi 
oJl^ Recursive Language 3_jj!j_SLiJI 3JlLII Sj£La (jlj 1 machine language 

(jjjj 4jij>.j^JI 3JLeIL<j/l jjt Ji^j>JI oJLA jj-a i?l i»iU* (_g jJI (jjjjJI (jl^J 
ijj-a-JI ,j-a tj^>- J I i4Lu>J! (_j-u>-o (Jjfoill JjLuuj ,j-a JjV tjlij .,_j-aJjl j«^3 

L4JJJ ia^LSLI! 3W-" o-'S fj^J-" f 1 ^^^ o^ cjLiKJ! (_>iju ^jjii. JjJj 

4-«j>.jjJt (jljLLa lJ £ i.~.t jtl i_aJLL<j/l JLSj .,_^il!Li J i ro" 1 1 jaJLtil r-ji^xj ^1 
(J >>>at (^-^ tiJLLA x-ua 1 LaJLtj ij^i jt ""»'j * ' " J '"'*~ ^J-^ t ^ JLJ ^^^ *^^ 
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6s_iAxxbJI LJlaUl 6oJ bto jjuEic 

aJx I -i j Lj tlajjj (jLaL>ol a I970j I960 5t;r jiLc. <ji_> La SjiAJI jj-«-i 

Lgla^UJ L^j-aj (JrA^ *^-9 3-!jL»-a j»^-C l_£l 4la->JI (_ya lJT l»-a (_gl (j£, i.StjII 

jljJ^U (^L^alJI _j5tiJ! j^l_jja j»!jid<j! ^ Jj^l tfUoVI Jia^jj .aJLlHj 

4Lt>. J-so (_jJ»> 4jLjbHa 4_lL_ojo JicIjS J).!. 1 ^" dU i nl^a-i CjIjLuiJI (jjs JJl£. 

5^^ 43a5L3 aia £4ilt I Jm> Jlo jf VJ . (s) 5Luo1 SLkUl dJU^JI JjLLaJ 
(j_a J_jLgJI jjulJ! i. i j i ii i combinatorial explosion ^-jLj-a-jaijJI jLauiJ^L! 

.XflS (_yJljJ! dLsj^II Lai .a_JjVl 2j_LiJI (^a J <Tr i n" jl <j^-*? Cr^' ^}Lj_a^i]l 

^Ijitl^V JaLait^CjUJSLJ! (>a jjLu jt Keywords Sj^jil ^UKJl ^ jl^lJ 
L^oj^ L^oUjj ELIZA IjJI j^Ujj . (6 Vl_lUJ jIjII Ja^JI ^ ciLajkl! 

7r i<ijj 4J| VI iS-iicjjLllI fn< itil j^a j»jJI Ij-flJ 3 -i j S j i a -» Sj .oLsoVI I jlgj 
. pfliitLi >LajJ ^Ut") (jl ^-aljjJ! tfjut Jlil <j£-aJ I f)j^ l-^>- 
j_>J! ( _ ;r c.l jG-JI 4-<-ujJla «_uj (_£J-!I w i oAiil ■ _i j j La 1 1 J ax IjjJI (^Lsejj 
J LIU ^-3 l_«K t 3 j< nUll dJtUL (jiajjJLl £-a jl_J*- (j^ J^-^d o' ^J^"""JJ 

.3 i^ijjil cuVjLuj (jic, lj_JI i_^*j ^u Vjf <_)^>^' ^^^^ <S^ (jJL^I 

■ Qa^jl m i " a JLvjJ! *-J-«^>- :4-Uajj_U 

Wj lS? 6-° : Wl 

^jj>.Lj jt 4_ojj»Laj I * ifl 5 1 1 ' ga * (Q-$jI *-^ T p* (j-a ' ^ ' '^ZJ 

5 .SJ^e-a JLla ^yfl i_gj^-flJ jl ^J-cSUj Jjt : !j_JI 

. |_La j_Uaa.i jl (jla (. ilU ^ijiv (jl 1 1 i i ..->■ : sLUajjJ, I 

S LlA ^jJJ .>»-» i LilLtrw LiL t -L. tr* . : Ij-jJl 

.OiJSjJI pk< a 4jjjSLa ^^1 (Jj-Sj 'LJI : 4-UajjJ, I 

2_ti£La dlj? plaint (-flj-J (^1 . Ij-JI 

I.JJLC 43j^l!i (^ Dj^d >d^ ' ' ^- '^J ' ".' I- 1 -^ La^J 'j-f'l J- '-^ 1 (J-*-*i3 

j? ajjLijI a^K Ul .£jj J^ Jjl -.^UKJI cjLcj^s^ jl cjUKJI ^Ijjl ^ 

AJUJ-" i ii a I gjj. JU (^ylll SjLlkJI (_y^ 5y_aLlj-JI I gle tjie-LJ CjLaiSLII ,jji i La 1 J 
di! jjj i^aLlj-JI 4-JajlJ (_g JJI JjJI JlaJ Sjl^-jJI <j-a ^IDI *J^>Jlj i^alj_JI 

,U ;tl jt2_.\l .^.jVI 2uKII ^yic. j-oLJj-JI i^jjlj UK jJajd-iLvVlujiiJ^La 

S^laJI ^jljJI IjJI <j>*J MiU3 
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Oj\ d ej\s ^t ^j^. J-^*-J L)' (1A- 4 - 1 ^-^ «M» ^ olS Jjuj (J^l3 4-Qjre-uLj ^j t -^ 2 1 1 a 

. aI 3_«J£ J-^a jl jjj U LaLjlAl ^aLJj_J! j_l«j V c^j^tj oLiKJ! <j-o jjlc 

^^JLlI SjLulJ! ^,-3 J^-J I »iK w-oLJj-J! 4-iL».l J!Uj «dljjJ!j <j£. (^Jj^-o-Wj 

.(jJLlI! jIjjJ! Ij-A w la «jj 

. dljjJIj j^c (jJjj-o-I . tj_JI 
f_JajJ ^-ouj-jjl (j-oAj <2h-^9 *^^^ ^-^J^ **.!*.! ''^ i-lA OtH! *LlL>-i JJLuj 

.3jJ.Li 3^jj^La j_lc. 3j_o.^/t IjjJJ ^WS o' '^ '*' Vj 

£jja SjUJlC CjM T J^tlj ^9-^-1 (jl ' J^>> *JJ ' *ny i ii t ^—3 ij-JJ] * -J qj ' ■■ 'J 
4_i_^a J J j"i i in (jl 'USLxj (_>aL>- 4a-_jjj . ajj*_l!I 4JIL4J (_gJJ! 1 U 1 1 1 1 >lj^J-l 
LJl3j i4_u_uLLaj <b-j> (<•> ^l_aj>. JJ^j dJJjuj ' 1 la I >i \ I 4JLj_i-a_i _}j»(2_U p IN "ill 
^1 . .. n^yic bj «. ..3-ujSLo C^JI ...» 4jjLa.l (^3 I JLA Jflkjj SJtlll JlcIjJLJ 

.(JjLJI JUL! ^ «. ..^uiSLa 

» I U r I j j j Till *J9jj : Vjia i£L»jJalj ijLjoVI I jut JlLa jj <n°\ 4j>-jI JJ-jjj 

(_gl ^.aLJjjJI (j 1 >i"_i j<sJ : Lu^j •c jl3 'j JtS^ j-°' '5-iiSL»XI (JyijJI JSLI cjLjL>.I 

JJLL <j-u_<J I J-gJj 1 Lg-1^5 }li=Ij-J (jSUj (^lll (a-ufcLill jl J-*^JI (jr 1 ^ (JtH-*^ 
.4jJL^jyi 4JlU! (a^i 4-lL^C (ji^- J^H*L3 |^l ^aLJj^II Ijut 

i_JLlaJ! ^_aLij_i LtJL»-lj LpijnW CjLj-jJ jjiutj jL^Ja! ^tj ^j^l sLujjjtlll 

2Uj,,.jtt Jj| inU Jj^j (_g jjlj MIT (j^s iDaniel Bobrow jjjjj JLu! jJ Student 

•.(JILa uai_4-il i-L^ajl aJl?-**( t ul Ji^j . 4_jjt_j_ua 4Juj j-oj>J1 ^1^, ^-5 

(S2 J I * j* U) (3 * 2 * y* I * ) 

(j^Slijj t. 1 1 uLlljI Jlcl^S u^- J-*" Cr^ <(t "*-k^' )) /tjQLjjj 4_djjJa JUiHajj 

• iblii JaUJl (^ ((cuLclj^JI *Jji» (j-a 4jL>-V 
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^ jJlj ^gjLi /<u-uLi l-SjjjII William Colby j^Jj^ (<uJj ^-^Jr 1 » j^""-_'j 

CjI oKi 4lajjj_o Cj!j_<I/Jjs lS^^ ^" I' IjtiVi j5-Vl d lof 4-2jjJa (jl VI . IjjJI 
(j_o 4_fl_LL^_o CjL>.j_} L$_l>.^_4-1 (j-Laju «l i LcajJI 4jL*JI 4i_S^_>JI» (Jij-a 4_t_L«_a 

L^^il»-Li^_oLJjjJ! 3jL>>! i frl'-Wj oijijtjujjijjjji.!)) L^ii-jj^^! cjIjLjiI! Sjl>JI 

LaL^j IjjJI (^1 "^J-U J-2-J! 4j*.jI Jj j ta ~ JL>- (_gl (jlf j . 4jjL>JJ (jj -i i a " 
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■il S'irVI jL Skj alaJiJJ JVjJI (jiiil JA« f-^ 2 j.j.t~» CjLilll 4j>JL«^ g-aljJ ^J-ci (I) 

:Jla il*>. 4*>.>i MiLa Ljjji lili .jjiSu ok cjUKIL ,_,!< All i_ic>Llll Jj^-a o' c*3aJI liili^ 
JjVI jKJ.1 ,jS JjlAJI jji g-alJj-JJ J^ij jl .SLilJI (jjUj LuiajalS LyjJ jl£a i« John left for Cairo » 
(jl A-Z.J3 .«5j_aL1JI ^1 (3j-3- jjLc,» ijJ] 4JU^>JI n-aLJj_iJI f*>^>^ I J^-AJ '*^H>*^ <Lvj>JI ^ 
.2LUj>JI (jjbti JJ^ cji uj-> fJ ^LI i o' VJ ilstistio <U»->L> 1IUJI „ju» (ys j»IS j3 i_^UJI 

CjLVaJL Lljjj .ij 1L£ ^j-k u m n i J Ijj jt* cV eA"i *M *l 4-aJ^iJI *-a'jJ O-^ 1 cAlil 1 ^Jk_^J^ 

Interest rate rose Sj)_JL>uVI SJLajiJLI «4jLU ^ Ji^Ijj Jjj aUiiVI JjL»-a» :4_JIUI ia^UI SjL=tUI 

.( ( »^UI)%lby 
(2) Weaver.W. (1995), Translation, in Locke & Booth (eds) Machine Translation of Languages, New 
York, Technology Press of MIT and Wiley. 
4_»-aj_jJI CjLiJ J5 ^njl^ . a i njj j^-j (31 pLLalijjl I jl recursive ^jIj_SLj 4JL3 ^-oLJjj ' * ■ --j ■ (3) 

,_, < i ii aj A" L4JI jLil JlS iiill SjjIjSj Lai .lilljU ^ a . .1* W Mia COBOL 5 i Ik itillju gr am" 

jlcI^JLJI 3 j j t" 1 " j'^^J JfcU-k l>^- ^ *^U^ V M_a-^- 0>^-J u^ O^j ^' ej-^i '(Chomsky 1965) 

aJLIli) JiLa 3-jjjjlII 3-ilII ^± ja-^VI JUu ii^aJI jjii (jl ,jSUj Lul Mia t-iajjJll £yi!l .4jj\j$Zl\ 
cCjlj tl^in y i^-ii q\ ^jSLaja «jj<iill M^aJLlI dJJI» Jj_a 4_jLj 4 nm 1 ilji^M <j1 I 1 gaj I I i i^ a la «M^aJiJI 
^_i^ 1_£^>-I 4n i^i ikLjol l(jj^ 7r 1 1 ^ij ^ n<a dUill -^->-JJ 2J laSLilo «(C-u>-jJI J J n 1 1 1 mJiJLII aJJI» JiLa 

: J^2j 3ju jl>- 4-Lu>- ia Lb] <j£-aja Mary has flat feet.. J^k LLJ tjSLaj (jJJL-^J VI ^Jzj . L^iJ 4JSLa-a 
I think that Jhon suspects J^iJ^ 4la^ 1 ^j.^'. jl LUajf tjSLajj Jhon suspects that Marry has flat feet 

. ((aj^Ltl) I jSLaj that Mary has flat feet. 

ciLlj 7r i>iajj L>u ^_al_UI ^1 3jJa_j ^f^a ^ 'n a ^ ^ii^f L4J ^)f Mj! 4_Ja^lLc d_iill Cjl aK ^aiaJLa (4) 
jl (jSLaj play Jla iaKj hit>» iaJSD JkVl ^,1^ ^j,!^ jjLii Ju^l to < i Ujt l ^jLJ. JjaXI ^^ . <-%=e-i 
SjLiJl ^ j»iiT-"i.ntl ^4 mt^" m;1 jj-2j j' v^"^*^' l^-3 played >Uk jl play a JiLa La^l jjSj 
^1 1 wilb A^jjuaj 4jLal^ 4j^jj 4k^>_«-a ■ 1 1 Laj ■ 4.J2 5 ■ j * 1 ~ 1 1 w gj La j^k Ijut jji O-u J^^ . LaJjjej (_^LM 

.((OJ^IJ.1) .(oJUILl Sj^^JLXJ 

(5) Petrick, S. R, (1973) Transfomational Analysis Rustin (edi Natural language Processing, New 
York, Agorifhmics Press, pp. 27-41. 

(6) Weizenbaum, J. (1966), Eliza, a Computer program for the study of natural language communication 
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4-LfiAi-l\ Ati^\ f ft f A ^ 



4iljt JAs^ j^jVl ^IjJI Ji-*AJI I JU* L 

0J_A Cjj i ^i "i 3 1 JLSj .juxJj! a\ J-ir~ i ,,Ll d J < J j U 1 1 

O-C Jj-«-4JJ Sjj-iijj J-*^JI (_M^ Cr^ 1 g-* W 

^uai ^ji jj-^jji UiSLoij .^Vi j**ji 
j^-jj ^i^ <> (j-^ 1 J-£*-> ij^ Jj' ^j-a^ ^J 

.jajjtLill JkjIjuJ Roger Schank dJJLi 
1970 *Lc (jJI^jv) 3JL>.jJLl ojut 4j!ju .-.U/ijI 

J .iljj^ajjoj Shrdlll ^Jjlj-tH/ ^jJJe-oUj-j j-jjujl IjLA 

I i^ijl 3_U-jJ,l a IxJt 3_l*jjj . jji^J Lunar jLJjJj 
4JjUe_o (jjj Sjijii ?U J-«->J! ^Ir rft^aJI i_s jut j_i^i2j 

v-jLiUI ijJU, J^l£J1 ^L>j_J! f&h La SjLcj 
jo_Ua3j . I -4 J^ mi ^jja <i m i tl £L2jjJaJLi gi j<jjUtl 
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^LWUI .ISiJI 

l_£-5J-J cH-" ^r^J-^' ff^ 9 !/^ -1 i '-^"' a '"'N J^" 1 ' "^ Lot ' I j~ >■ * I * " p"'J i ii (jH-II 

(jf (((_yli.ljJI JjlcaJli) (jifi. utiij La Cy i£. j»l£. jLijI JLa-JJ V <GI lSj-wj 

2 j « j ■ La 1 1 CjLiill 4j»JL»_a -ij ■ h2j (jLa i4L)j>JI ( _ ;r i«_o 3_uk|_a ^Ir jl 4j^b=j 

(j^ijla ! JLa> (^ic Sj^Lc .JjIjcIJI 3-jJux. tL^lJl Jj^ r-Lj-"-"^ "M-*^ Tjljj jl 

diLa^mi (_^^liti<_u2 djtjjUll 4ii!l aJJ-'ii uJ jlxLJj-IjJjs 3jLc i— 1 j 1 U t, La 
JL»-_$J JLS 4-j| VI t3-ge-i-3e-uaJI 5-aj I < U (j^lVmij (jl oLJL^iU Sji^La £ya 
(j-Co-LJI jnii J i <*i <\>j . *LUiaLiJ! CjIjI i nii'ii .iVl JjjQJ La J-Sj jii£l jlxLJjj 
,j_o 2 a Llie " v2jL>.j Jj jji.iii'ill a j j a a Kayser jJ_jL£j coulon (jjjj£ Jla 



(2) 




a, A ,,h.ll OUUl ^ ^L5 JsJaii 1-4 j£i 
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t La Ai_Iaj ^ij^' JL9 La j' QJ&2 \ Jj>- 4jl3u 3l.it ^j -^j < a 111 J4-I5J ^_alj-i ^jl 
5- a- j^- 1^ J-4^>- (_,-3 (j-Ltll (jJLc mJ>L*J {£ J-I! (_,!>.! jJ! (JjIo^JI J-^aJ _a43 
D, McDonald jJLJj j£Laj T.Meehan oU^ 1 Li* J^^ 1 o' 0^-*?J • k^ 
*L£jdl ^ c^-LJ! (>» lj_aT l-jJ^j <<J JUJLI I jla <> ci^JI jl VI 

(jJLc |_i-A j irViiiii .1 i_dJjJ ifO^iJI 3j_&Ltaj jojtjii^l jalal JLa3 'Cr^ iU i^iVl 
I n itj I j "i r Lj I -1 j j jj I i *U \ j laJu ,jJj i jVj'i nVlj (Jj1»jJ! (j'jl of JjLij 

. LaLoj (j\ \ 1 f\ t\ i a 

^_aL)j_l jjfc ^jX.1 iU ir^iVl «L£jJI TtJjLl lJ J2 Ijj fl i"i a (JJi mJJJI jlxLijjJ! (jl 

I j_& ^^Lxjj .MIT ^^ jIj^>.j_Ljj lSj-tH *L«-J3j mJJJI idJLuu ^Li «_aJ.}j_Ju» 

JK Mil clilj >Lj_<i/l 3jLC JjLij ^lc SjjLflJ! 4jjJ (^Jl (jLcaJI Jj^C *-aLjj_JI 

Jlijlsellj (j I 4-tSLa-ij tSjU^a-Lq (J^. 4x.^_ua^aX1 CjLalj»A 2lj CjLutSJj <JlLa 4-dJHsejq 

J-2-!j . >LlJu 2l j-& J^»- 4~<\~<1 Ill (^^Lc VtH?^ O'j ^° J^^ »' £-° 4- l . t - l .Ll3 4iL 

((f. d_ui-Lll J se LI I » jj-* 3 J a**i 1 11 a 4joJlI JLcl^a^ «Lst_auj-l ^—3 _Mjj>.^_uj jc-ua 

djKj Mill ,j-a *LtaJ ^ SjLlc j-Aj Halliday, mjIjljJL^I systemic grammar 
CjVLsJ 4_i^sL>. i4_ij-L^_pJI CjljLs^oU «LLL«-a (j^a^ai. j^c j-^*J (_yjJI 3 J ? to i U 
^Vjdl C7 JLUI ^jij^JiiEl<^jj.(J^4jJ.I jl^^L(-ai]) L^jLLij L^Iiajlj JLtiVl 
LtC Sia^tiil 3-cSLall oULlJI JJlC (j-aii. (^Jl mJ-Sjj Lojs mJ^JlIII J-lLsljJI e-Lui 
. i_AJl>.j 4_j_la£jIU I j-jjLjlLI I * 2 1 la aj 
:^Jjj_<I/ £lxLJj_J 1j7 2jl2^. jlj^><J JL\a ^^ La^Laj 
CjLuiSH,! =L*3 ^^^Lc Sji^>.jJ,l «Lui/VI JJLC jo^ '.^-aLJjjJI ajir" 1 .1 a 

^Ij-L^kJl 

(^ «4-a^ ( _ ;r Lc))Sj Lijlj 4-Luu La-a Jl^LLa j_lC LjI :^J.Sj_cu 

„Aj .u^U chLjiSUI 5l«2 mt^Lc" 5i*jJI 

. ■»■ La ' "1 1 /y±£. 3 j-*H/ Lua - I 

.oLutSm^lo^^'c^-2 

2 : ^-aLJjjJI ajir" 1 na 

»1 j Mit «0M^ i-IjLlA : ajjj-ilo 

j i^i-->.VI AJ^JI ^ '<i* pi i}^3 AJ-it j_$\ '-"' ' "^ J-^ :gLxLJj-jJI Ajir'ii.ia 



n 



.j_uSL!l j-U^Vl c-c-tSHIj Sj-uSL!! *lj-«JI 

Stl-.Uy.tt IjUj '.j-oUj-J! ajLJr'ma 

. La j j n i>i L^jJ! J15JLJ 3 JO 1 ill SjL^. jl («-"! (_gl JLjJLso JlLa iiJj^i l3^-" ^* 
(jlr Ij-iLJS ojSLj dJJjjj i4j Ja-pJ.1 , U . ..jit (njJjjLa» 4JI 5yjiLJj-JI <j1-lj Li£ 

.3rtl'^.U JUiaVl ojj cuLa>UJl ,_y& SJiui! ^JLi SjU-VI 

4J3J)jjlL1 4ILjjjJa a! JLa-"i i nL LujJjj dt^ajl j"^' (_3 ^3-^J j-^JJ f^W-rJ (J*~5 
J.^Atl jJaJl) Augmented Transition Network ATN SJjjdl JL2IJVI 4SLlAj 
.ajtjiUll SJLllL oLLu SjlcLs j-a jjLaOU «LUNAR» £*Lj_i *LlJ (^JLJI 

/_aJl j o all j^sc-us jj-* t — ) '-^ £ ' (1>^ ^-il-anU a ^j-a 0JLA CjLL_J1 3JlcL9 (J^oSjjj 

(<ui-JJ .(«LUa_aJJ 4_LajJi!l 4jSLjjjs^I d'jj < jtl) NASA ,j_a » I i a a jljj 1 ^ ■> <i-v 

:J3.|jj> diMj t^ J-aLJjJLl 4j*.jj (_pj| 3Jlu,Vl ,_Ldjo 

. jl i ,iii~i i .i^U (jii-1 jJl (JjiuuJl (j-i-JJ CjIjlx-JiJI jl Sj^a- i~ill ^2.5 JjIso -t-J 
(_gjJaJLjj tjlj in 1 I (_yjj.lj.ll Jjlalll ^ J -i call I uAlall 4jL*Ij-uVI -?■ 

SJlJJLi jjJI jIjlcIj Jlj i.i 11 (j-a 5-ijlUU oLa^Ldl ^ lii^tJI (^1^. Ijut 

■ 4.j. H l.lLJ1 

. j^tiJI j^lj^ ^1 SiLbVLi 2-«J£ 3500 ,j_a cjj^j La ^xLj-JI J n £03 

jjLa-Uill 4JS^LtJ IjjjLX-a I -1 j'*» ,_p3jJLJ (jl (_£aJLl!! J-iL-tlll ^_aLj_l » jt^~ i uJJ 

aj^^^il ^IjLmJI Jia SjjoUU ^Lu^pll dU j^j LgJI j^jj ^1 ? LuiVL 

.3 mnjJl SJU^JI Ji.b 
djl i 1 11 J-aljJ jjl^" ^^ 1 JL». rft^C J^H*^ LUNAR w_aLj_J (jl^ j2j 
^^^Ij ATN SJJjlII Jl n~ tVl g| *\ j i"i 1 5_aJLJ>-" 1 ,it,l d"ni?" i._ u i ,n 4 jtjjUll 
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. d j <<->LU j uuJI C)l j i i nil 
: LgJjLuj (jl <j£xJ Cr^' ^^' ' 0-° *LliLal (jr^ I *.ftj 
^J 4jLfl3j-o j^s_i-_> (_£■ A^-uaJL^M j\_j£jj ' la i ■■j**' rt a_A La - 

dJQLi/ j-»-jij i_s!j_i.| c-jo C.Riesbeck, C.Rieger, and N.Goldman a La jjaj 
Sj^jjUH Sill! ,j^ oljLt^ J^j ^JJ! MARGIE (7) ^jLa ^Lij-i *LLu 

3 I ^1 jJI J_«_>J! 4_C.Ll_o Jijjlj (jl Lai *_aLlj_J! ^ (jj^ujJ! s-j^cil O^UfJ 
(^ Lai (JjlaIILj 4Jj^J (_£ j-!l (_£j-vjiJI joJLjlI! (jx. CjL^LLlL_/Li ao-u (jl J I i4jJI 

:5x.lji^ll S^LcLi (^jvjLa aLS (^Ic JLu (jJj Liaij 

• l_gjLa (j>>- (j-ii- :3J_>.ljJI 4la_»JI 

. I flS;-^ (jL (_£jLa (j^>- Jia -I "£>*■ 

.(j niim (jl * U~i i .i" («J L$J2 OuLaj (_£jLa (j^>- (j-ii- -2 
» Iaj ' ■■" f«Jj t(j oAJijj (jl » laj ' ■■" ^J L^-i^f L^J*-* <— -*jl_a -3 

• U"i.'^ j j Ir ""~ 6>^ 6 ^ o '"^''" 1 " o' 

r-l""i i "VLi (_,j>.jLa aLl3 (jlr JLua I JLAj 
.(Jjjjjj/I 4-p. i_£jLa U5^ (_,t^r I :4li.!jJ! 4l«_»J! 

. a Ij_j La (_jlc L$J L> (_gj La j < i" i "i j«J -2 
. (j 1 .it"" (jl (_£jLa Cjjljl -3 

«L£jJt (^ (><_l>.I_lJ! (>ui j j ±£ r'-^'- 1 '-^ o^ ii>^' 2 jj ^ "' ^JLlAj 
SKmiI, >LaLi Ma. (^aj^lJI (J^LLaiJI Oij^y ^ dri- 1 -" ^LusLi. 1Cr cl;U^VI 
L3.j_.i1 Lut Jj>ij .(3_ulj_i'^l i_jVL>JI ^=tJ) 3j>I-J (^j '(j-">-U r-lj-*--"' 
(j-JjLiwU (__L_3Vl JLlil (__JI J-3.JJ (jl p" <j U i_;jL2JI (jJ^j UJ lj^.>a 

• (8) j>4^ 

j_* J-ti-1! >^>j UJ' ^'j-^V v_-VL=»J1 ^a_> ^-a a^-uLu/Vl 5j£LiJI (jl 

d jl 1 .izl CjL_jJ,I CjLcjAJ^a (jlj 4£^L«JI (j_jjGj i4ia_*U ^ 1 "j'ijJI Ui^' 
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. 3_ulj^.VI L$ia J^ 3Jb. JJL>] (jl (j-cjlaj :4j 2 La yj t 1 
rtu-uVI 3JLv j jt^~ jl <jSUj innectional languages 4_Lajj_»^alII iZjLilll ^j 

<j_a 4_«-3j_a (j_c j k i II (_3j i ,--11 L$-> (j (ft h 4-i^sL>. 3_jL$J JSLl/ (-;r Lc. 7-3-U33J 

JS'L Chlopiec je gruszke '.^ujiil^J! 4iD| ^ jl^o ! JSL&j iSJU^JI ^ J»ritl 
. Gruszke je chlopiec : LUajl i_ijSLj jl (jSUjj . ^jiUSLII jJjJI 
,J^I Alt «-pr-»2jl jMUj jk* J.Atl J^La jjt (chlopiec) « jJjJI» jl SSj^T^a 

^ Lai ,«-e» JjJtill 3-jL$-Li j^Iaj 4j J^Jiiil ^ (gruszke) ((^jiUSLII)) jlj 
4-ui i^Jj^tj ^4-ulj^VI L^JL^. i.nntJ »U-mVl li)i^ Ma 3_jJ_lL>J,VI 4iill 

.he/ him, we/us Jla jjU-UaJI oVL>. j-& si n mVl i «j -^*t 
J j » ri U Jila 4la->JI CjLJjSU (_g JLlL2jJI j^till I rni.rVi jl jj n Ij'q tcl^jjiJ 
(j-a (j t~ I i A'lUjt 2j-»U , „ j_^|jji L&jLiIcLi VI JLiij V 7tJt . .(j£.LiIlj 4j 
J^ijJI L^-LuJ^L^CjIt^^^La^^ OJ&J 3-^>- J jSLjjj J .4-ulj^VI iljVUJI 

:3_JLUI dj^l 
John broke the window with the hammer . SJajJalL S JLaLJI j^>. j ...^ - 1 
. The hammer broke the window . 3 JLaLiJI 2Jaj_Li! q^ -2 
.The window broke . SJiLJI ^j m'C'il -3 
J » fill jl fO-C.j K-iilie-a 3_jJ_lL>J,VI J-*jJI (j-a 3_U^. J^ ^ J^LAJLa 
(j-u-ij iS^ 0' ^J^LIII 3 j * i. .VI c2jI_l£j_U ,j-a JSJ (jSUj 4J| (j-tAAJ Jl>.|j 
icLfl_Llie_a Jtrill 4 j i ,i ilLi Lg-La J^ cLflJij jl (0-C.J « (_Lc LAJ 1 » lJr ij£jll\ JJJ-JI 
4j1c xJsj (j-aj (SJsjJall) (^jt Slj^lj i(j^>>) >* JjtiJI (Jc-La jLa (Jj^SLaJLij 

^ L;4>^- 3iqi<i~a L$j| £x ii^LiJI J-a^JI ^ ScliLj w Sjj (SjlsLUI) JjtAJI 

.jj^jj_o.^(l jjoLijJI 

Cj jfl_>JI j 3e )j ^J^-^ (j-° (-^J-iLtioJ l£>^ ^ LkajljUJl 4jjJiaj Ij-J^iS * «j**'A"j 

sLul^cVI 3JL>JI JaJjJ 4JI (^ I o <j ij; ^ i "j'j-ll 3j-^-" J ' a "^ 'JL? '('^'j-^- V ' 
((primitives of verbs» JLl^SU 3_JjVI 3_JVjJI v2jL.jSLJ.Li (^^^Vl i^j-JJ 

.3_JLlII 3j_2AII (^ L^J LijjJLJ a J A ' . .. ( _ 3 lJlj 

Conceptual Dependency 4.ji*J I Juljnll Arfj^il 

J_a_>JI J-iiLali (j_a ( j S LaJ lU 4J_uj/j£' 4jj t^> 1 1 1 aJJt ilLJLJu J^>-jlJ J>^ 
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^-lll 4_aJG_>J,1 ^j-ALiJJ i j\^ CjLs^LtJI tl^-u /- 5 La * rt I a t -~j d La i ul aj 4_La_u_u_J1 

••^^Ij L«-l3 3 j i "j'ij-II jLCa^M ,_^ajitlj (jSL^jj .JjijJI oJla (^ (Ji-J3 

(j .1 li 't (j\ "iiihV a (jO-«-! (j-a Ji 4Jtl!l (j-oAi (j-a (j-ula->J OJ^ o' l -r lj: *i "' 
luj^pll loj-nn c^K |jj ^j ^LJll ^ U4J o^ >M e^-UI Je^l 

. LaLaj 4-allie-a 

(yL-LaaJI !jl* cjLJjlli^ ii^ii (^JJ Cjjjtj» 3JLu>JL3 . jj^o JSLAj . Cr L»'! jJI 

(j_a J-Jj! La (-;r i-C. (Jj irO-»Jl (^ i." (I uib JL9 c - "' O^Lh^' tr'l J-aLvoJI JjJlJ 

djLi^SU! o>£j tiLlJLij '-^j^l 3-JVjJ! <gUjSUj J*^ J£ ^ j-ijlj -r 

«*JjUj» Liajl (_yl«J (j! (jSLajj «3jL«l! (^JJ Ji. JU» }Lia «t_jj_<iij» Jjiii! 4-jVjJI 

(jl V^J i4jJVjJI vZjLJjSUI JSLi schema w ^^;l I . ^,^jtl , U ,"j_.j . «J£Lj»j 

(_gj2bejj «(_gj^Li!l JajljjJ!» ^ a 1 1U ^SUia 1 rii^i^j 4la->JI t;r l«-a JixJj 

!pl$M Sjuj? <j-a (3*Cj Mitl ^ Jiic jl) iljVjSa (^i^. 
. £l a ( n ^U 4jjL_u_a (jj-&5 JJ) 1 1 ' I - I 

3_jjLi^a Qa£j dJJjjj LjJ Jj>3 jl j i j i r-i 1 1 i 'mr\~ lJr &j jj-LaJ I CjLJjL«-a -3 

, i **>! /^ < ^-% il 
3-jjl ma Q^Sij diljuj JLta^/l ' a i aj w ^j iJIjlsVI j! JLicVl oLJjLva -4 

-.(jL La ^^ LuLa>LtJ! jl cuLLajlj^JI Lai n^jjJiil 
'lSJJJ-^ La^ia ^ ^1 (jr^y 'LTpJ^ jl q^a^ia ^jrJJ J jLia jLalc! (l) 

.(JjiAIIj Sj ij i ro 1 1 jji-j LJLc Ijut cjjl»jj 

J_ltAJI (jJJ lS') *j J Lj ' a *' OjL«-aj (JjtAJI (jrU Jjvlj C-^L>. ,j-a jLallcl (t_l) 

. (/QjvjUll ' <* A . ^tlj jqj_u2i I (^_j ^t) ^JJ ' gaJl ^jjLt-aj 3j9_t-£aJl (^j jl (4_i ^Jj * d *, I a 

. (j«j>.jjJi,l '.AiLiJayi Jila) jj^jjjj^s jjlj JLs.!j t_jL>. (j-a jLaj^.! (_>.) 
^j—LA ^*— 1» «LLaj>J (_£j£LdJ1 i_Laj1jHiJ d jjc j (<taIUl i La a La >i J I (j^oSj \j&Jt>^ 

-.(jj^L^ «SjUJLj>JI 43jLu^/ 
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5_i_ilj_c^! cjVL>J! j^=-J jlcIj^j (_gj£LiII uLijIjjJI (JAaj <j^ Jjji'Hj 

aj-$l (_£j^e_cJ! J- i i L aJ L lI (jlsjjuj .«(_£j_L& (J_J*- ' - " <i f 1 1) 4l«j>- JjLuj Lt£..i 

. 3-4 jSLi <y3 iU^JI 

j-aj-JLi 4ic !j^J«-a causative «Uxj uJI CjLs^LjJ (^jiLaJ! Jajlj^JI ,_P2jjljj 
Lscuslj <j-ujJ ^LilS (_gj| JJS U5^ O' JL ? ,J "LSj'- U5^ ' . " <i <* I » <LLaj>- (_5-a^ fir 
I J_$J cLse_u_ij 4 DO J * a 1 » ) 4_Lc ) i * ta i(^j>.jllll .^_A La l_3jjlj 2 {jszjlS) 

ljr £ 4l«->J I (JA^j 4-4 J*\ i". 7c_U3jjj . i . . i'nr 3J La. fjk ^j-i-a 7r j in I (JjiA! I 
.^LU (j-ojJt ^Jl « f »>j^ ci^p. ^Lulj-cVI oVL»JI ^ 
La 4l«j>J (j-udl (_LjiL*!i djl ir (jLa i La J*\ ."it 3Ji_tjJ.I iU i .ij't ( _ 7 SL! i ! JSL^j 

tiJLufcj i L&I 3U.~jtl iUiiVl 4US^j JLt^SU 4-JjVl Jjj^Vl ia-iljJ (j-a OJ^J 
: Lg-La I 1 'r\i \ J^J-J 5-jJj^' Jj-i^sVI (j-a 14-12 (j-a t-!j-2j La 
j^| (jr-i V i". (^1 « t;r jl/ jJ_2_Ll SjijpJ,! Sj^LaJI (J-^-jjj :3j^>w9 Cj^jj^o 

. (j-jLiiajj JijJLi Jj^rsJ (j n 1 tajj (jl (j£-aj (.^Jlj «lj_JaJI 
tjj*.^ (jlSLa (j_a 4-i-uj 1 n-sJU *Lui/^/l Jjojo (j^JJJ '^ "j"'»- ■» G^J$j>J 
«*_UaJ» jl J^»-V (jLSLa ,j_a A 1 ,iii't jLcuJ^I (JLaHJl ^1 Sj j i"i a «i_ut ju» Jila 

. (j^jj^X-a «(j-<i (j-!J Sj j i" i a 

i"\ \ a a_LjL_a /**_a ^ Jl v ' "^ d)La&Jut_a c I * 1 J < d 1 1 ti« 1 1 < d 1 1 ^ « 1 1 11 . 1 .". » a * /» | \ y 

. ) * '* ) fl 4/ J 1 ) ' ' " * t/ l_i3c_L] ty c i>i...t i \ * /1 * . Lt_a 1 ^ 1 d << • ■• 
.7-j-i-£U i^-Juu tpK**( 1 (Jj_a Cjl^aa-a2l jlJLt-^l ^—I! j y uiJfl :iiuJL^iJ1 
j-iILa ^1 5_iL5tl<j/^U (JjjIjjJI »l ifif i JL>.| ^IjLitjjj/l ^J j j ("1" j :<LxijJ1 
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jt tjj ' aa i « 47-j-i-aj t^j oAJuj (Jj-a »^ i .it ^jl a_j_>jl r-ljj>.l ^1\ j t <"i \^ • *j tall 




<-.., ,'np i ^U 



r 



JJ *C- 



t 



:r^> j_p- 



==> </>» 



"ifyjs by? v-wa*i" UJr i£j&)l iilyU Jji 4- 4 JSLi 
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(jl 1j_A (—uljj t « I CJLAxIa tl)*^* (_pl» 4J_4j>J ^l_u_4-i 5-4 (IS mi I 'j^* tq 
LtJL>.| (jL> i L^-lLc J ■ ^»->- iJ ^il\ dJJt (_j-Aj i4x. Jiii^i 43jL«_o iJ l\ (_Liol JJ3 Q^^ 

. liliLS/ jj>.^_jJ ( _ ;r <j/Lj/^l j £ a U j j la a Jlj^QJLj jjk j-o.^/1 r-l""i i »VI I j-d> (jl 
J-i^jji!! (^3 a jiejjj/l (^Jdlj-^jiLflJ! JjLaiL! Riesbeck lilijjj *-aLJj_i (j! 
jJ^j I j_a,j j^l£ j^. j^JJ jJajiU ^L^Ut JjLj^JLi jjLu-Jjfu^J! ! jut ^1 

I Jl^J 3jj-j^5 (j-u_oL>J! J in rill (^ (jlajjij i_3jjj/J .4-cSUJ.! CjL»J3jjJI 0JJJJ 

.prefemtial semantics tLAu^a-alil 



>.., 



0^ Y <- ' 

4 



t 



...1... 



jT >}i "leoi* oj^ jri" a* j^t 5-4 j£i 

Y f* 
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... 

U \ r <_3jjtll! 3K nu tj . -— ATI | jukj^-a JjLlu 

a J a> (jh_j <(3_j_JVjJU 4jj -»■ ;ll) iTjl_a>L_»J! 

I JL&3jLI_LU3j 4i*jJI (jJJLA l_i-U3J dilj£j llZjLjaSLU 

4jJL«II OJK Ijl La JjJbo OJ^V ^J^ 'gjj «««H» 
t^JILa «t_LjjL^3 *w-ALa-a (-r^- L - ^>*-^' ■^> 3tja l^^^-*-^ * 
(^Jl L09 iCjJjJI (jLCaj i4j J^Jtillj JjliJIj (JcLiJI 

«QjjJiaj (_£juj^9 dJuLiaJ d 1 1 nfTu (—ulU ^j ^ ' ^**'J^ 

Lut JjLluj 'Q-^J r^iill ja^£ ,jx. J-Aj Jj-alilJI J r^intl 
.u^UJI Jib Jay o? 
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Recursive Transition Networks (RTNS) 

^«; x_o finite state automata SjjJijJ.! oVL>JI JuSjLajjjV Ijjjk* jj^i' 

(_yfl CjLijjjilII (j >n j I 4jjIj£Jl!I dtjjUtl JLs-V 5-aj^Ulj 4jj^j_UaJ! Jaj|j_<SJI 

j-L-L-tTjl (jlr L^jjJLS (^ 4jjI i n a jj£LiU J I y.Wt CjK j mi j_jjjl}j . jLpcV! 

. context free grammar (jLu-o^ (j-o jj^elil ^^eii! 

(^jJI nodes jJL«J! (j-a <tcj_aje_a (j-a 3jjJL>J,l CjVLoJI sLuLajjjl (jjS^uj 
^1 3JL>. (j^a Jlrt'i'tVI 3ji*c Jajj-i £jUJ (j^lj^L J i axi States, cIjVLv JlaJ 

JiUj J&\ jl 3JL>. liJLukj (*IjujI) 5jIjuJI J5-4J 4-Jjl 3JL>. tiJU^ -lij-^ 
Lai (j^l^lVl (j^ulj jj£iL! JLflajV! cjKhii ^Jl i^uJJLj .(»l^j|) 2uLg-JI 
L yu^2l\ L^11«j (_^l JLalJVI 5JL>. (jl (j-uLAJ categories, oVjJLa jl cjLiKj 
<j_o jl .^)-j 2JI u \ r <_yj.II 4*KiI 4iiLL^s 4ii.jl! <LiKJI (jj£j Lojti^. <<u3 
l_aaj_u (j^jLaojJ^/l <j] <J^JLlJ .Cj^toJixj j, 1 n Q <jjj^JLJ1 (jlJ 1 jl «UoJLU ^j-oAj 

*!juj^ (jJjVl 2UKJ! Jii-L (jl ^IU~(.nl I jl oUKJI (j^a U»a LuLn <_L__Sj 

the pretty Little » SjLuc J-j2j (jl I -5 <J£L<i/ (_^a (j^jLopjVl «. j U'h.ijij 

.((little pony» J j 5j (jl »jU*. ,„j V 4_SJj «the pony» -Sjj" jl (upony 




cLjj1j-S-IU| <j£. J-AJtJ ^1_lLsj <_laju (jt (jajLoajJ^I 1 JLA <JlLa » J Iaj I ■■ * 2(J 

jjlc LgJ (ji_j ^ i ii " (jyjJIj i«3' ' irttl 3JL-a ^-i^ oi.1 rjij» lP-° SjLxc (_ya 
nested 3JL>.!jiiU J-4^JI JljuitJ USb o^Ujj . ciiLaL^V' 6-° i£jLp^' 
4jj_<Si3 <_j_a I jut <■ i j i ii'j La SjLc (jSLIj iterative 5_jj!j^3 oLj^jILi clauses 
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jj-AJ-J (j^LIj cUVj_Lo jl cUUK ^yXlL Jj£U! JLflllVI oKjni ^ (jjl^Vl 
( _ 3 jJ!j (ijjli'l l_i£j_a» ij a jl (((j 1 .il l_i£j_o» (jji a J!la cLjJSjJa j_lC CjVjJU 
jjLZu 2( 1 <-i£. 3j_}L9j j»i£t 4_uLa^3jt £jja ^J-^ U '"'"l L^J-^' CjLuLaojjLj L_3jJU 

J£Lji jiLxisjjj jj£LiU JL21L1VI cjK j r,i a j i ?" *ljj 3j£Li!l ^^ ojutj . Lglj-I^ 

-.SLUjJ jj^-o JL2I1! 3<ji'?i 2-5 
The Clever little daughter of the owner of the sweet-shop has won a 
scholarship to Oxford 

Sjt-aLsj 3ji .ilj^ 4^e_Lo i."i 1 1 n^^^ljJI (J^co dilU. 3j_&LU *JJ» call 3_LlVI» 

T" t(4_Aj taj ( _^s i((JjLS) l_3 i(/c-*-ul) (j-u (j-° *-^ 4_iJ3j»LiJl Cj2( oJLU ^j^Sjjj 

^ric: ^yAxu^l S-^>U JUlai! JU^.! jlJJJJ • (jA^ V^ (^ f ) '(cr*-"-"' 
^—5 pL>.j2l 4_ul£Lal ^J^ a mi 4_j_s_Al LUajt 7r jlx (<•> ^j uSjljI ^jIj i^-JSjj^ c_oj-« 




O' 



j/ii Jus-fl i-Ci > Jin 2-5 JSU 



~0 

FINISH 
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(jl 2 tj j , ,.^ |_J ^. q i ,"i V L^XJj i J^ijJI (J-lLtej] ljL>. 3jl nr 4_2jjia ojufcj 
^ •; 4_i^Li.j i5-j-«-j-jJaJI iljl i III ^ j ftljiaJI J-jjjjv jl_uX.VI ^ iLs-LJ 
Cj Loj^j I jj, I ^^a (j^ijii" i "Q r'lj-ijLi LjJjLu (jS-«J 4JT ro-C-j i4-lsLuJI j_&l^2iJI 

JlJ^. jujdj (_£ jJI jl I nU J-ajJLJ (Jjlitlll 3jl t)C (_j-3j • JiJtJ La_L3 iJ\ I '< I .1 La£ 

^iila j tSi't (jl .Jaj JLai . L^jJJ Jjj^sjJI 4j j<u (_gjj! (JjjJaJ! (ji^- 3jJL«JI i-iljJ 

lcr «-<-uVI i_£jJJ ^ (tu-uV! j-a Jilj (jl£ I '4 L° ^j-^ S1*jJ! ^ JjtAJI ^1 

ro-^-ij (jl (J-S-4J J-«-iII (jl lii! Jj i4iill »l air (j-a \j-±& J » i~n SJLjla aJJbj 
d < j j U t;r l£. MlU iu i r>L-Lt. 1 t;r i«-U jLloJ i_kajjj JLSj .SjUJLC 4 li I" V a (jL«-a-i 
. "jUkla^ jLaj*. (^k: jl (jl^^p. jl (jL-uJLS ^^ ,jjK ^Jk J Jj (jl£ I jl fu-uVI 
(j_a jj^aJJ _a^e-cJI JlcljJS dU i .iljj JJLkJI (^ (J^VI (jl 1 '<i (jSLaJJ (j-aj 

«_aj>. 4-Laj>. /3j>j_<La 4laj>- : 4laj>- 

Jlj-a_a (jJjlS c_t£j-a/ _}j-(La (- a < nl t^Sj^a — :3_}j-(La-«U_aj>. 

t*^" Cr^ S~ >^ / t*^" (J " ' " ' S-^J- 3 = '. *-a»--4JLjj>. 

-Jj-ia j<uj/I /3-Jj-ia cLflj^s /Sjlj-ia Sl.il-: Jij-a-a-^ a i .il-<_^Sj-a 

•'>'<^! 

j_&l^2iJI (j£. j_iajllll (jSLxJJ £^aL)j_AJ Sjfl-r a U5^ JLC.lj.2JI oJUfc (jl VI 

Augmented SjjjJJ J IS*') VI oLC-ui 2 ^t^'.l^l. LJexmL Jj-^ 3JLj_L_i S^aljmtl 
^ |_«£ ^lii^i.n (^ JJIj j Jijj <*jjl*"_lJ (^ jJI Transition Networks (ATNs) 

Augmented Transition Networks (ATNs) 
:cjIj_lo cj^iiu jj^ll I J I SjjVI cjK i mi ,j£. SjjjtJ.1 J I y.WI cjlSLji/ j_l«j" 

(_p5j_aj 7r q i .") La^ ((jjjIjJS^L) i U j"j-j (jl jLio-VI (jja pjj (_gV 7t n i .") - I 
4- j l- l -ojJJ jl 4_jJV^ 4-Ca-qj?e^3 jl 4_Ljjla 4Ja^a (j^s d a IS II (j^Sj (jLS Jsaj^j-tlu 
3jJaj*.^aJLI 31^ ^1 «Lc^aj?e_a ^j ■■*■* * (j^a jcj-uVI (jaS-l (jl < 1 1 Ialu Jl9 tiU j_)J . S^jL^t^a 
« (jj_i_j_Lj » j| ((SJLaLJl) ^LlLa (jiiSj.! (ji (j^^aj I JLA (jrkj 1 4 *\ j ui 1 1 lJ JS LfljLj/ 

.((/oJLaj)) JjtiJ ,_k;l-fl^ 
Lcj_3 jl i .1 U JLieJjl La lil ^_a|jjjj| *L) ^ji La JJLaj (jl LxJ Tr n i .") -2 
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M».;.hll OlaU ^1 JoJbOJI tfjJo ^yeu 

. Juu La-i*, Lg-al Jl?-**( i ii 2t La sLaj Ll a (ji)—^ cJ-*-° • '-^H t - a 

tj^ ^La^L*]! (jj^Jell set of registers ilj^La- mil <j-a 4cjjiJ*-a I "j^«" -3 

.J-a^ ^LtaJj SjLjJjJI 4-LCj_aJI oKi uJI 
ULjJq a_se_lj| J_£,1 9J9 I d ' ta j I 4_u_«LlB < - 1 1 se 1 la < ga rt 3^55 c!iJl^>-**k nl -L3a 

pjj (j_a o-uJ-^ < (_J LlLt. ( Jjj 1 .1 (ji^- niJLt^ iSjjjtil JLSliVI cjK j i". 5x.ljirot 
3 <iK aIjljcIjj/! (jj^ l£>>-' (jl\ SJL>. <j-a JLZuVL to unl jump J£ «3j_aJ3» 

3 1 ,1 j\jJ1 J-«-^J! jl j"rVI ^ JLs.Lt] 3-LiLa 3±u-uj Laj| liJLufcj . JLioVt 

3Ll3 X_a (_)-£> LlJI (j-^ 5 (Jj-^ 1 (J-"- ' ^-^'j Ls" 4 -*-^ JJaJl )) 4_Laj>> (JJ-3 3j-lo d J ( <■> 1 J^. I 

JLSIbal CjKj I'lgLxLij^J (jSLx^j . (((j-ollll (^jl jjt »Ij-oj>. 4 j 1 .in i"i l<j»a ^Ll"^ 

:4-JLiJ! dJl^Vl -, j jj (jl 3 -5 JSL<i ^ SJJjII 

SJ^la j_£| l^J^I 3m^,„I1 (jjs La -f-l 
S«LLl(L_u (J^olal (__A La -* )- I 

SJ^L j-^l cj!j ,yLuJ\ ^Jt La -I- 2 

S(j ri 1 .ill J^Ial !jJt La -i-j-2 
:^_auj^jl ^jLoJI -n J flj 1 /^>- ^>r4- >0 ^' ' i ^*-"'- 1 Lu^ ( Q -^ tjL rJ JLJ J 
1 (a) Which is the ship of greatest length? 

1 (b) Which is the longest ship? 

2 (a) Which are the ships of greatest lenght? 
2 (b) Which are the longest ships? 

ADJG 



ADJG 




lump 
Al )|G = .idJLTtiv.il group 
NG = noun group 
comp = comparison (lu-lmut k'sscr L'liglli) 

■Which is the longest ship? • lU, j/il JUSVI olS^l j\JjZ 3-5 JSLi 
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.(ij 2) .(1 2) LilJ^j y^dl ^ L^J (i_i l)j (? I) ^i c^oL^J! o! 

*_aj>JI J I N j fl q 1 J JjJjlII Jjsej-u Ja-ixgaJ (jG^Q-a-^J. 1 (^_i Jjj-fiJl 7r j i^qj (j^-a- 1 ^ 

31uj/jJI liltj aI jiejjj/l (jSUjj (ship/ships)jl (is/are) 3ii-l jJI 3-aiSJ! JxUo jju 

"the Ship are" ,_^lA i_a£ I jl 4j>tU! -lU^Vl ^Li^V 

Analysis of queries M WU^mi2I JaJaii 

dU i J^j J)JL=>o 2 I fl 1 1 ri" (jr^II J-*-?^' oW ^-^ *^* J V" mil J-^'j-^' j^-*-> 

4 \ a aJI «l_Li J-seJ 3 ta < .il^j SjJjjs Oul£ I j)l JLrxJI j-A La£ JLcl^JS <icj^x-a 

4J3JLU 4-l3 jl imU J> J-*j (jJLu JaJaim 3Ja mljj jl Phrase Structure grammar 

J_<-Lsj) g^-Ljl I jut ,j_a J_lL*IJ! J-aljJJ .3±>.lj-!l 3-aKJ! L&JI (j-CJ-u ^1 
3_}Lc ' la -"j" 4_LjJt_a ^_j_&LLa (-r^- J^J^ cJ^ ^ ^" LP ^j ^ -»- ^" 21 (CjLaLgjLLi_u 21 1 
J^jiillj (JcLill Jla 4-ulj^.V! i_iVL>JLi SjiLc (ajjtLill 0JL& Jo-ujjj .JjiiJLi 
JljLX-aj ;j-aljj_J! I j*«* l.°".->- M (j^Jlj (j-°j-H Jla 3JL«->J! 2«j'^; J I TtJ! . .3! J)V!j 
,j_o 4-Cj_a^>J,! ojut Ja ■ ~j " V J-jlstll! IJLA JfLa (^J .(JjtAJI (jlr i_3j-*il! 
Jir-irill jiaJ!) Prim actives-3_JVjJ! culJjSULi <j£Jj 4 imi't JjtiJLi i_iVL>J! 
^VjJ! oj^' "j^y" U5^ LSj^-^' JajljjJ! 4jjJiJ w ^'« I JL& (jicj :(«_i!jJ! 

. 7C-1I . .<( J)jJ)jj» l«l_!j_<llj» i«J£li» i«*_LLu» J 

^5-j_3_3 Cjl_«-3aj jJjj (jl (jSLxj (jj^JI 3 Ixi .i^fl L$j Jajjjjj i4_usjj/V! CjL£jJ,I 
d 1 < 1 .^ 1 1 I /Ti 1 , .. \ , ,.-^ a q r . *\ Lj ?t_a I » ' j 1 JLA |ILa \ 1 a_t j a * JUlj I 1 3 I /?**' 1 * u ■ < "^ ' 

'(J'j ' " '' Q " ^ * J*-* 3 ! J^-JJ SLj jt 3jjS-dJl j"^' j^)^ ^JJ***''' /j-3 CjL3^ilL>.^iJ 

Ij-^jj .JjiaiJI 4ji*c ijs AjuujVuA 5_L*jtl lj) (jjijj a^ISLJ! s-^fb-^ 6^ tiiljj 
j^^c j-lajLLu L^j (^A- 4 - 1 oH"^ 4_tS_*5_ll JjjJaJl )t_ui^t_i ^j_cdJ «L>.L>. t_dl_LA (j_u_j±9 

^dijj-jj 4-1 Jlj-" ml LgJJI liLli j-A j_a!j-J! diij Jxa^fj .aMSLII i_yjj3 
4_jjJaJj SjJoLUI 3-J-LJI SjjtxJaJ! 4JLUI Jjap. (j-a JUlLuul ^gjdlj Riesbeck 
-.(^ La i_)ML>J.I oJJt Jla jjs>La jojtlj .(jjljj! J^iill) l( ^jJiLaJI JajljjJI 
(j-ulII JL>] (jl Jjl-^xJ d)^J '4i»jfciJ (^lj^jJ *l_Li ,j£. liutjj V L^Jl - I 

.4la->>JI 4-i£ j (j laj (_gJJ! 3^J ' "^ cr^ J-"'-^ 
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. 4_j_i_jS^HJl ClLaq LtXI (j_a 1Jl>. I Laj i ■■ * IjJ^S a Jl^-"1 i uJ -2 

(2TU Ijji^ jjJti Vj icjljiiullj JVjCL-uVI 3_lLsj(J 3J«JLi 3_l*aI w La «" -3 

J_Js 5_JVjJI 5_i_L>Jt .sL*i-jl 5_lL*c IjLuj .SjoJlUI j^J SjaiUI CjLaalill 
(jl J.aJLjJ.1 <j_a (jl SaJL tilijjj (jX.Jjj . I^ UC i-i 3-LajJI 3*ljJ3 (jjs f\-£a$\ 
.4iil! *i£3 (^ lfl« Ti't (jH-JI cL2jj_LaJI ^^ tfjufc (jjSij 
«4jj_JL>J'^! 4jtlll j . ..A/i« d a i „lj dJLjjj sLkjJsj (_£J-JI (Jij'JJ I 'A ' a i a '■ j 

-.^l^i. Cj^Ij 4J9 English Lanugage Interpreter (ELI) 
^yjlfill Jj^aiJ! jJaJ!) Production rules rLiJl JLc!^(j-a (j^j-aLUI (ja£ij "' 

.J-JbelJI <j-a u r . i j'i jJI (_uL>JI (^jjj (j-Aj 0-^- 
(^ jc£LxIu ( _ ;7 £LI Iflji j" (jjJ! (HJjtLil.1 Jajljj (jx. J-iAJ ! -iajJS A JLa-"i i n_l -t-J 

. JlcIjJJjM oJLA aI jiejjj/l 
. jajjtLoIl Jajljj Ltxbjjs ^LaLJu I j ri U I a I rir^ij aJJ-'i .n -r- 
4^1 r >->Vl_i L$] (_^ll!j " -tHaJI ^ a i M j r-LlJ'^l JlcIjJS ,j-a (_^L>. f_jj tiJLLaj 

jLoi-VI SjJj Jia 5uiLUsl cjVL*-a JLti^lj -jaj-oJI <j-a SjLuil cjLiual^U ^1 

3JL>. (^ JLiJj sU^LUsJ CjljLpi.1 JUJLso (^l^. 3j_o-VI Jl£.Luujj iCjLs.jHit.lj 

. * l * i * i ' ' \ a * l i ■ 1 * 

er-^-3 cj-' -^i-Si - ^ 1 S-^J-^ *^ o-^ j*^ 1 *^"_W ^ jl. 1 ""-! ^ j ^ '"' c 1 - a '- < - u i3 

Ij_l1^ (jl (^-3 Ji*IJ (_yll!j «LLJI I JLA JLa£JL-uV 4_ialla_U CjLaaLdl JlJJ^J 
tj ■» ri tl jj^slj^i. oJ_fl> 0>SLj L° S^Lcj i J_*j I (ft a j 3 JJLalu joJ (_^l_oiJI (j-a 

^j-iD o! iSj^ il»>- J^» cH* J-^- 36 ^' <^>J S_U^>JI oJL£ lil >LiUJ2 

J ^ i" i (_j-3) (I J>^" J * ^ 'I c - ^ J- '-^-^' L -^>*-y O' 4> ? ".''^ '<"-^J '^ m ' " 
(Ji-J-ai! 4^ jii. ! JLA ,j£. J^-yj (jj^aLoJ! ^1 Jji.jJLi jlxLJjjJI AjJiJ '(JLa 
joijj ^j^-> uJI J^La-l S-iiaX. *£u Lutj .4 -5 JSLS/ (ji La^ c. 1 1 nLU.1 (yta.t.11 
.lLLIJ J_«_i J j I T~tl aJL2j 4jijJ! (^Li Jl a^" i ill 4 jlaf jjaljjj «(ja^>-)) t_! I 
3 j < i^j-U I J ~ i j ^ <■" i ii im^I JJ2 ^-4^' o! LUjJL I jut j^c j j < i (jl LUSLa-ij 

. partially instantiated Loj^- 

(jl C-^jcj ^iii-ai isLLLaJtJI i>juk lJ IS L^jLclj_a L-tSt-i JaaJ2 dJLuk (JjSLj JiijJ 

(jjSij (jl (jSLaj ( I SjijLla) I Information <jSLlj « ^Lta ^^-^ u<» person 2 (jaSLj 

. (((CjjJjj LJji^iiiiiD) 2JL>JI tf JUk (jjj) tdlab^ Sj£J2 



59 



1 fij 1 _^jjl 



^LWUI pISSJI 



2 f i Jc ^M\ 




Cj I j I U 1 1 (j_a 4_cjjiJ^a I jut {j£. £^-yj .Incorporate «^_oj!» ^ a . n_i (.^c-j-3 
j-^*i (—Cj-3 «_al_jj-j d La . ..Ij * LfcjLiIoJ jcHj '-^P* it— tj_uL>JI ajS\ju J_<j_>iJ 

L^Jajijji/ >al>n (jll! djLuLLaJ! dJJj jii-b ^gJJ! consider d^^a jioJl» ^j i , n_t 



The problem of pronominal reference jrilfrttt irilf < 

jjajl .3-aLlJI L^Lloj^X. (^ Lgl>. (j ir^n" 1 11 j (jjJ! J^LJoI,! i. 1 < 1 1^1 i ,j-a SjLsJj 



Jacques Pitrat 



(8). - 



IjILu tiJLjJ JliLa ,j_o 4JJ1JLA (j-Aj <LJLll! J-4J-J1 (jJI 
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M».;.hll OlaU Xs SH\ JoJbOJI iSjJo u Mu 

Ji (_jjj t_4jL«JI jjn iMI JjJtJ (j-o (jr^- iiuJ->o (_yfl 3jjju^> J->«J V (j^c-ij 

(j o i'n~ 3_2_l3J> 2 j?U < a JVj* ml 3j£:L9 5-g.lji^ (jSLaj V <Gf a£.j iSJL* 

<« \j-±& 4_La J-a-so Ju3» jJaJI jaSLj jl J-i-«J La JLj-jj 2 (JLlI.1 I JL& (_^J 

V <lj1 L*£ njjj j_U (^Jl jjjtj dl! j (jl j-^-j'^' JU^-V! d)T jJ^j <lj? (<^j 

I jLala dll j£ dilj (jL^ I jl <jSL!j iSjLau>JI «L2JI (jjs (jjjJ-U «_Uj La Jl*JJ 
<j-a jJibjiU dJaltoJI *-a Ij^Ula dili (ja£-J J-*J ?>LiLcJI (^Jl jJaJI Jj-uji lil 
La Lg_La J a'nii'i j^jJI 5L3jjII ^^jfc La jji Lufc Jjjj (_£JJI Jlj uJlj SjjjjjJ.! 
LiJI jjt SjLj-VIj SSJjfl i .itl ,j-a cLvjjJI 0J-£J 4 K i"itl ijjji Jfla (_Lt&j LlLlxj 
5) IaAII ' I j i ' -"'^ * i _HJl-l_LiJ3j-*_a _}1^_a (j_a *L*j_uILa 4_tiajj-C «Lc^_aj?e_a aJL>" i a ] 

iZjLs^LkU L&ljjlj LJa* /aJLoJLi Lu_ul uo.j J}L>. <j-aj 3 ajlmtl commonsense 

.4-i3 3-u.ul m.tlj Sj^UivVI 

tiili 1 I JL>- 3JLJS J£l uiXI oJLA Jla Jjo jl <jSLaj j^lll 3ja*all w_alj_Jlj 
}LlUj 3J^M u Ut't (j' LJLs- Sjj^aJll 3_ii2jJI JJi ^ (jl*. l-jllsJI ,jj» 4J? 
.4-ulSl"tlj 3jjUAtt 3_3jji_U £ya sljjs-Vl oJJi JSL1 
ljL>. 3jJ-j*_a i_al J_&^ i.~i a a La J-3 }L«-3 3-auj.LJI £-alj_JI OJL* J^aj 
jjn iMl JjLc JLJ.G (jl 3j-^II oJL* (_£JL>.lj . i4jLii! d Uj i .n LsjJa a jir~i i uJj 
(_£jL>-t 4_j_jj-Ls lLIi—lAj log .>»n ^jLcoJI (. a < u A 1 c_oj-LI jt /c-*ji^il ^Ut (jr^ 
Jjjjj jja iMI (j^c jiuj/VI Jjli L4K JJL La^j jjn r^ilt ,3jLu/ *u-u\ JSLt ^Ut" 

.4jLa 3_JVj 4l%c L^J*j LaK 



The Problem of Conjunctions & elliptic constructions 
jl (j^t m (j^jjLi^. Jajj-! Ij* 4jjj/LLa cLajjJa jjtj-( rrUttl a! jitl<j/l (jl 
(J_lL>o (j_3 4_5_j_3Jjl (J^l 111U ^j^* I J^p- 1 JL3-cLLa_>JI (j-a $.j^>> jlj^JJ L-Llre T J 
•.(jOla-aJI (jGlji (_yJI j-lijl . djtjjUII CjLiUI (_Uv>- 



61 



S ><\t,M\ SLuLU :L*_^Lc ^ L* 

1 alajLJl 2 l< ui a *_a J_aL*lJI Juc JLJI ^ j-laitj ^1 ^yljVl Sj£LaJI jj 
j-iLtA 4-JLUI SJLijJI OuL£ ! jl La i>j (jl JjLaJ t < rrUr Jjvj LaJ£ <U| (jjft 
^yicj . Ij-J^l 4_aJ-a-1i.it, I 4j_a___!l SJlcLUI x-a J-)- 1 ! ____ ^HJ-^ ^ J "" "" a 

•■(JjI 1 nil JLill w ^'« I jl_. 
«^JLuJI (jl»j 

; 1 . in j__ 1 *_a Lu ) j» < d 1 ... /^"i rt 
r<S__l 3 1 _St r<s__l _L_9 

«_,U__1 _>_«^. u__l» 

. _L__JI JJ_ Lu_ (J r-l ? M La J 

j_ulj_4J VI L&_L«-___I _>-Uj Vj 1 1 J_»- 3jj_£ J__»_1 »j ml Lu_ __VLt-».VIj 
(_P=jjtc. __L__ (jj-J (jljjSUi,! (j-aj itajltntl (j_.J_»JI ____ _L«__;VLi j I 5-<JV_ 

•.Jla ___ul__il 
(((Jjj-jJ-Uj (J^JM 1 nil jL__t 3j^t_c-a dljlj 1 .ill i___Ijjj» 
l___ljJi.l aIj__j__I (jjjjjj.1 » jU"i 1 .i_l _)_s I jl -___I^JI ,j-a _)-uJ 4_l C-i-O- 

Si_k___ *a_— >jL_> /— — - J J ' ^ ^ rt — — J_ (jl A I 
(_--!! CjI nKII (j rit j I < M"i-»_,l aIj__j__2| j^C 4j>_Ll J-J-l 5-ij< ir^i i_JL__J 
___! Lg-al JlJ-"ii nlj 4-O.LJ (j_a '2j«j - 1— > Tt CjLiill __3 2 j 5 La * 1 1 __^LaL_U 4 j u_i 
:jl miTmiVI I j__ __JI j____i_ . (_£j_-l 4_o-LJ ,j-a CjLayLtI.1 4jJI__a 
S LLlIjij-T t_sj-L>.j J I a mi <___ LaLulj (_--!! 4-l___*__JI dl j i .iL>JI _JlC /o£ 
--jjLJj-i 1 j I j Sj (jf (jiLaj (j^lil 2jjj -all 4iiILi Jlj 1 nil IJLdi £^Cl LiJ^C- I jj 
JJLjsij i^JJIj jl in n'mVI ,jj9 j-ii»Vl *j^»JI U^ '^LiLJI SocLa j»}L*iml 
:3_JLUI 4jtJjVl JlSLiVl (j-a JSLJi i^L 4J£: j^Jtiil o^Uj fiitl 42lila 
LuJ Jj L^ t_!ji>. J J I n i"i = A iiUia - I 
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LLjJjjl£ * )a_L>. jt Jioi'i = d aJa * rt -2 

LLjjjjo » i^_l>. jt LLujijlS Jioi'i = 4_"iLa_L« -3 

LuJjj l£ i_j_oJl>.j ^-"^JJ ^ J La-" - 3 riUia -4 
]}! . I Lca^l *" ji''^"" (4) (C^j (j2 i(3) (C^j 9-A ■- ^-»- ' all Ji_o*aJ1 fJS uill q 
(j ii ii 't (^ LljJjuLS^ i_)a-L>.j LuJj|jl£ J I n i"i ^ n i n" (jl (jSLxj d SU'a J^J-JJ 2 
■ ai^iej «jl»j «j» JfLa 2 j S la * 1 1 Cj^LoLkJ.1 (jl LlA 3 ji iiL-u^I 3Ja2Jjlj . OiJ3aJI 
jU^. i nir-ij dJLutj . j_gjj ir^tl J* U i II (^ 4J£. djtjjUtl CjL«i!l (^ LajtLuLA 
Terry Winogra jlj^o-bj lSj-tH S-^ cr^ ^jtjjUtl oUJJI JjJ^o J^LiJl. 
Wendy Leh. nert- Cjj_lJuJ i^JJjj 



(J-o^>> JLu^oHj ? o i n" /jy^il wJJ ' ^ 4^eJtJI JL£,1a^ f-^J 4jaji <f) (—Jl «L"3i_l*3 21_l"3 

SjtjLa tiJLLa ij[£ lil L^ ~;U"tt JIJ^J! aS\;^ 3j<nU ^Liil 3j-j^-.^ 

(jl La^ . 3_ja^e_cJI J^tC JjijJI (j-a j_uSL!l (0^*3 ^ jU" i n't Lcj"2 idll!} *Ijj ,jj3 

3 oKtl L^j -i j jj (jl (jSL«-i (_^<JI *>t!-^-" (_yJL«-»i! 3^c-l1j 3j»_. .Utl cjUUI (-5 -ic. 

(Jja-J-m i(JLa_>J! (j_a j_ljSL!I 4iill (_,U<J (_gj-!l (jjioillj (jlsjja-iJ I J SjLs-ljJI 
. Lu_u_uj ulxj /qjljlIu i_Lx*3j-»_a (J_lL4_i (3j-k JljJ^j>o (Jjtj*_i 



6$ 



3*\£\$ ^^ 



JSJ JjjL>. Lg «iml L-£j-a 4^L^| 0^-^ ^h ^LH^^h ^>*-" 4-*i" ^J^^ 4^L^VI j_L4lJ (I) 
the cousin of the 4_jj_jJL>JiV1 4-illl ^ Jj-iJl »jt- t ",,.*> ^lia^ SjjjLse-a ^>_i£ -ry*~ ^LilL^ iaL^sj 
LL&Uj^ the cousin of the cousin of me king J^S^ iaL^M 5JL4I Ur A-<-u\ 4-^J- ^L^=-! ^jSU-i^ king 
t\ JlSLa^ , ..The cousin of the cousin of the cousin of the king qj-^-TlJ JljJljv w ^ - ■■< c-^j-a claL^j 

.((Oj^pJ,!) IjtSLd^ ..^jJl^JI *_jL 4_1jI tjj Jj-flj^ Ijujl>. Lt-ml (, <u-^aj r<u ^jJls-JI *_jL cUjI 

.(^t^pil) .%-ULulaJl CjUlIII ^ 4jjL>£UI 3tuUH 4JUj>JI jut £_l^jj (2) 

Jjj*l1j -a J^ 0' Li' A->B fjl {ja jlc.1^ f«-tiaj context free grammar JjLu-oJI ^j_a jj-»JU j-=*^-" (3) 

Syntactic 4-jLl£ ^ ^Jlj^scIII ^l^iaj ajls Laju^. 1957 aLc ^,.3 j-=till jj-a fj-^' ' J-* CT £L.-u-aj- t i l j 
J-tiL«iJ (jj-c-gji^ fi <n-jjiLa j-j-c. j-se-Ll! I J-A (jl cJajJI tillj ^ (^SL^i-aj-tij >jo£.I JL9_9 - structure 
tllLLA (jl j^JJLj jjJl>.j . transfonational component ^,-Lj j-seJjJ I djjSlXI ajls I J13J9 4jj-*U' *L2jjJ,I 

Generalized (1985) <_jl£ ^ 42jjJ^Jj Gazdar jJqjI) Jl n nfl ^Sj^jtla^L-uVl ^ZLuLukJI cjLilll 

Phrase Structure Grammar 
(4) Woods, W. (1970)Transition network programs for natural language analysis, CACM 13 10, pp. 
591-606. 
4_t_^3 Ij-j-c I J-«^ Sjlc tiJLLAj ((((j-u-ill (^j| jjfc jJjJI )) (jj-a ijj.uL.uVl 4JLu>JI £>1 Lid! Ji^yj (5) 

,jji2J! ^Lj Jij) LtaSXI £)Tj 4JU_>JI /n^3 (j^ 4jjjl^s -J-^ 2 tlilll *_a^ 4la_>JI J-^-^ Ijd-JJ ij-u C JJ>J_J 

. »La-m2l ,j_a iJ^^-A^. (j-"^^ -^J-^' J-* ^- d * 

(6) Riesbeck, C.K. (1975). Conceptual analysis in Conceptual information processing, Schank (ed., 
New York, North Holland. 

(7) Riesbeck, C.K. ( 1 978), An expectation-driven production system for natural language understanding, 
in pattern-directed inference systems. Waterman and i laves Roth (eds.), New York, Academic Press. 

(8) Pitrat. .1. ( 1978). La programmation informatique du language. La Recherche No. 93. 

(9) Winograd, T. (1982), Language as a Cognitive Process, Reading, Mass., Addison Wesley. 

(10) Lehnert, W. and Ringle, M. (1982), (eds), Strategies for natural language Processing, Hillsdate, 
N.J., Lawrence Erlbaum. 
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3_«JaJI ££j Jj^jU Friandly 4jjj 5-°l>> JJJ^~ >* 

<_SJ_g_> i L^-Jj-a JLJ>- " i ii j ,^jjJlj CjLaal*Jtl 4j>JL«-a 

jj_a jjj£ t_!JL>ol JLfli . (J I irVt^Ll djtjjUll LtljLu/J 
j iaa2j j .^>KJ! (J^^J (*4^ a'-Vr* c^i U^M' 
^}KJI a^ 3 K mi a (^k: Jir-iiill I JLt ^ LlL>JL*-a 
(JjJic^j p~L$X\ (Xj^' Cr^-J i i—u-io VI 3 K uA ,\ (^-Aj 

(l) ( 1 982) && (J\ Jlill J^ <>. ^j^jJI f >KJI 
3JLUI jft^a ,j-a 4jj»i^ jj^I ^}LCJI A^a jl .Witten 

'.(^Jj La L^ajtl (-jIjih? 3jL«J diljj 4jj^SUI 
JUS ((g-j-r U3» (^ic- 3^j U ! 11 3JL-ujJ! (J'jj^o -I 

.(j-ia-a (^1 J^*J V 
j_g_jJ( CjIjj^sVI ajjt JlLa <_SJUv U iU i_4j»jtj -2 

, f >KJ! jj^; ^LSI 4^ ajVj l$j ^ 

i ^n->-ij 4 1 Uj ■ , >. rt ^j^SLi La Ij ju A^LSJi ( 3^ aj - * ' 

.JLS-I ^1 (Jr-IT- l"l ,j-a SjLiJlII (J-oAj (j-laj 

3 j in a ! tl 4-JL-IL-3. l, hi ^- ij-J»^f <■-. >j jj_Ji 
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^WuoUl .ISiJI 

. £|_o* aj fl ' ' " flJ l & 
0j\ 1_}j»o_La ^ * ' Cr^ '-*] ". * '** J^>«L^j1 ' - 'J ' *~* ' I 3 * ' fl Die * (jl (j^-4-> "^ 

(_gl ii_jL<-C ji id a K 11 1 f? tn~ '< a ijr h Cm tr> Cjljll£ i-lJLufc (jj£j (jl (j£-«JJ 

.4_JblU CjUKJ! (jrU <-aJ9jJ 
ijila i ! JLs-lj I ritVi «L*^JI lJ JS LaLaj 4 li 1" -si I Cj I n K It (JjSLj (jl (j£-«J -j 

. pair peeper ', right write, rite 
j-i-^LutJl (j_a «_u_uj ^o_& aM^-I' cJrr-* ^-^Lh (j - ^ Lr^*^' tj' (j - ^ 4^t_u_dlj 
iJ7 ic g- j 1 .iitl I jut ^j'itji .ij . Jj^s 2! (^ 4J3j tail I 4la->JI (j£. j-i*J 4-uj irotl 
.(^UJI C^jJI (> (j^jj^l (>a*l ^ '/30 ,>c L^Lu^ J23 V *Uai.| 
.4-J^I 4^>JL*1! ^ JUJLaOJ! ^JLC ,j-a 3j_u£ i»-J-i (jJI o-^Li L^AM 1^*3 
Cll qlNu (j»a 7T J ' " » t _ j )^a^T^-**( ( nl (jS_a_l iCjl o_i-£3 2l (j_a y hu III lJUjJ Ujuj 

(jSLaj LlAj . JjLu-aJl I JLA (-J3 C_)l^a_i-a 2l (j-\J 4-t S -Q-t, 1 C_)La31^aaJl X_J_aj>. » )L_aJt_l 

I j S U i a Lia_llj_j_a !jl_<^_a JUa-J (jl ^^ J-lLkIl!! £lxLJj_> «Li^a ji^it m (jl 
(_II (JjL_ul (j_o 4_lL^jlII 0JL& (jl i.'i M JL9J . 4_i£La_U Cj Lag Lt-X I x_j_aj>. LaJLa-" i nfl 

(jjj^l ju>JI ,j£. Lkjuitj <t»-j.} jbJ3 (jjJI CjUJJ 5_j^lj j-lc. bottom up (jic.1 
CjLo^Lla LaJlJujj top down Jni 11V (jlr I (jjs 4j>JL*_a 4-JLajtj J-<i£j (jl t_ocjj 
. ( _ ;r ]£.i (_g_j~i 1 .1 a ijXc (_£>i-l CjLa^Lt^J pragmatic 4-uLaLiaj 4_L±jfijjJ "^f^- 5 
OJLAJ . Sjlj-iitl C_)l <iKtl j^J-4J ^K *u LjJLs- 4-aJLJ-"i 1 .ill 3j^>-^(l ^JL»JJ 

£ l ■ . .. M l \ I "^ ,*iSJfl 1 . /^ "i.,. I 1 -\ \ t \ I I . 1 1 ^ ^ d l\ ,". rt ,*^_o * 1**(\ ^ . Ijd ... I A l\ .".I 1 

Jj^sjj Ls-Lso \-$j£ LaJLflj ^.aljjJ! J^l (3-<i- >, -' (jj^-"j Sjj^il! CjLaiSLII j-u^ill 

V oUJI ^ J>^»J. VI (jjS^ V I JL4 (jli .Lea (3) ^ii UaL /.99 , 5^1 

CjIj^I tiJI_L*j .ujXa JL»-!j p K" a I ^ ii U m (jl i . I LajJJ *LaJ£ 120 ,j£. JUj-J 
. 4_j_i_pljjj c ^J- :>lJ L^' (J-° U"^ '" ^ ^^ C^^" ^-3>*^1j c2il aJLm (j_a (J-aJLJ 



1 "'^j"'-' Barr jl_J Llaj 4JLa iSjjjj^iJI SjLiVI ^Jt «jlJI 3Ja^JoJ^ I jl 



Levels of recognition UljAnil yLjMt 

aj^lJI SjLiVI jjJt sJbJI 2U^'w-.'iI< I jl 
•.4JLJI iajjll ^l^jl j^Ijj (ji^- '(J^ LI j»Ij ^a^ (Jt^"^ 
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OlSiiinll uul^p \jOSU :pUSJI p^9 

.oUJSLII ^ SjijI^JI v2jIjj^>VI *-j-«j>. ,_^>l^>. JjiUj .Phonetic Smj.^II -| 
v2j!jj^>VI jjlaj <_a}toJ joSL^o (^lll jictjJiJI phonological: 3_t>-^I^iJI -i_j 

■ <<ijV ri "i 1 1 j ia! < i>>VI Jila j_&ljjaj JlcIjJlII ajjb Jjltluj J3L ' "^ <-S^to-L> 

.fell 
CjLj^jj^iJ! jl*jj l-oj£ jjLjo (^ll! jLcljil! .morphemic 4;iJ3j_i^aJt -->. 
..JLk.3^1 ' * ju ■ -* " j j-s-^l (2ri-J!j^ jLcljill ojut J <i i^i~j iCjLjJSLII Q3SL1I 

.fell 

j-lJJ! <_j_a i_s}lli.VI 1 frr^i" ^pJI jlcIj2JI (j-*j prosodic: 4j}-jj-IalJ! -J 

.JjijJIj CjIjLjlII (jJjSj joSl^o (jllI jLcl^i)! (j-Aj syntactic: 5jjj^jjJI -_& 
.il < j* 111V J_«-r>Jtj ol a K II a|jTr"i,i| JlcIj2JI semantic :4_JVjJI -j 

4LjjJtA j_lC (jSLIj Lj_aie-l 4jtjt r^i (jj£j JLS ^^1 4jtjt r^ill J_a->Jlj CjIjLjlII 

«_aLJI (jSUj (^lllj (»M^-II (oSLjo ^^Jl jLcljJilt pragmatics: 3_uLa^.lj_i -j 

lj-x-a (j-a lJ \^'\ p K"i I, I 5JLj/jJ £jj 1 mVi QaSLj (jlj *i K~i 1, 1 LjI^J r ll i" i ill (j-a 
a^ISLII -i j*» !j& (Jj-jSLJI 2 .j. ,^tl I uiJuj .Sj^iiJI 3JLj,jJLI ^->U , „tt jj . ,.A",tl 
JUs-i »^>.j_JtJ ia^LSLII d j I nil i_o. I i i^i t, I (j-uLJI f^^3 I UV It (jjjJ '^« (j-a 
jjo J-flS CjJ_>oj . x-aLj^iJI ^^1 j^i-VI *-»-jJ L«-4J . ffl lVi 1 1 (^1 (jJjJ-i^aJi.1 

UaiJI ^UKII jLjli-l Jla .olj^l (^Jl ojlS^I fJSol.1 a_«^.j3 *LS? *LUi.Vl 

dJLLa Qa^-J 2 cJ*^- CjLiK jIj^J jl i<-Sl£ j_lC 7-jjJaaj jl I U->. IfliiU il j 
jt 4jj^?c_l>. i *Ml i n" JlLa L^J (--L*_a A 4_uj-C Cjl o_t-al jl Jlj-OIJ itiAjjlJ SjJ^j-Us 
Aj_ij (jl *_al i .1 II (j-Lcj • 4-jj < I II 3JLj/jJI (j-a J i .1 n" 4jj^c >Luil jl J-Lal 

^J ..3_&j) u, U JjLjjJI (jjs Ijijj ^a n<iK"U L^j ^ii (^lll SjI^jJI (j^SLtj 

J-cl^l J^._jj V <ijV ^oSL>JI ^ «LUi-l ^ «LLai.| i_^3jjj i^aKill Ll^j 
<U> L.o3 (jjiLJI (jl-J Jl .^"Vl (j? 3_aL«JI ■"'! I^^M 1 1 (j-aj -i ^AJI joSLjo 2 ^j« 1 

dis-) j SJVjJI (jJlSm j joiSoll 3^.^132^, ^Jl Pay J^jj I -6 J£-J, ^ 
vZjIjLQcV L(lexical) j K_4j^ljlUI ^l (Sysyntx) j ^^'"^ J^-lj^ ^\ (course 
ph (Phonetic) j iSj^jj^ cjljLlcV pr (prosodic considerations) j 1 3_ L a--y-<.a 
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Newell (J^J t>°) 4_u>t-aJI ilL-upl ^ yp j^lll CjLoj-ulSLJJ L y^-i (l-6)J£_j. 



Some speech-recognition programs 

^ f-Laj-J! SjljaJ (ARPA) 4_aJ_HLI djLejVl fj>u"» 3Jl£j cJoji JLaJ 

( 1 976 - 1 97 1 ) oIj-Ll^ (j-u^. 3 jj, ^ a" . „\ LwLijj JLjSjjjsVI Sjl*i1I cjLVjJI 

VI (j-i-CJ SjjJLa_a CjVL*_o uJ& (J_a->J! jir-i-> Sj «LaJ£ i_aJl ^1 ^j>. ro-Uaj 
Sj^c p^> ui U Ij-A ,2^c. ?tlj JlSj .3jU.Li Sj Mif /y_aLJj-JI Uaj. 3 1 1 .i'i ^JLkjj 
dUj^j Bolt (Newman) BBN iBeranek and 2_£j_<SJ Speechlis L$ia j-a !jj 
^U>_aL»J (9) HAARPY (8) Hearsay ( j_ a j_^ Sj^j ^j-AJ! „^;t HWIM 
System Development *_a jj Ull Li SRI international ^j^is La£ < u^r!- cj^HJ ^ 
*u-uLi L*-aLJj_i au^i 4^j-" djj^Ls j SRI SDC\ £-aLJj_i Corporation 
.Bell Labs ^ 3JGLa-a JLax.1 dJLut oJl£ La£ Dragon 

: L^la J-a!jJ 3ji£. *l_Ll ^l L^iJj^ bJ £ JiiLa-a Jij^-r a ^ji JLSj 
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ft.IS.mnll uul^p \jOSU :pUSJI p^9 



Centre de Rechareche en Informatique de (CRIN) in MYRTILLE-I and 

II Laboratoire et de ^ ESOPE w_oLJjjj i Nancy d' Informatique 

^Mechanique pour les Sciences de Centre National d'Etude (CNET) 

Lannion des *_oLij_ij LLu-ujLa 4j>^Laij Fengenieur *ixLij_>j KEAL 

J^jJjj^tj ENSER ^aLJjjj Telecommunications 



Hearsay « Jd>§ &*h) £L jtJU &£ji+ 

(JjO J£ a! JLitjjj/l (jl lii) j (j-uiJJ L^UuajJb jUlC 42jjJaj £lxL)j_JI ! JLA Jjsjlj 

(jji 2 _."j .^ti) o^ic:! cjj^j (jjji ay^ii^yi cjLaji*Ai] s^juoii j^i.^u 

jLSj «Sjjj i ntl» r-j^x-i Hearsay-II Ajli>-~ii ujj .jjL^Ji.1 (_^3L> (j-c Jjjlaj j&ij 
Jjj-jj 4JI o<~ I TJ-JLu l/ 36 ' " j CiLajWU j al ' a a (j_a J 1 ' ' a rt lP l)^ <-^-l.-" (•? Q ' " 

SjLiluVI p ^ uiJLj 1 UfcLJjl I JLu d ajqje ^ CjLjq"! i nt LftjLu (J- i L r e T Jl -Lrtlba 

2 j"j i^aJI v^j!jo-jJ! oJ-& < la ~ *u segments, 3_l3j <^ <Zj!jo.j ^1 2j"j uaJI 
.ol n K (^Jl xJaLall tfjut joJaJj *u Possible syllables, 2_i£L«-U xJaLall ^JJ 
jl_Qi.l j«u jJsj .^^IcVl ^"miU ^ 3_lIVjJ!j 3_ijj^!j^I! ^LayLdl ^ qj-'i . h"j 

dJLj^tll ^VjJ! Ji>J! (jl *_aj igLjjU ."ill *_Li3 i_lLjjl*jJ CjIjLjlj £lxL)j_JI 
(J_l!L*3_1J 1 Jlj>. 4_al_c Jjj-k aI Jl?-**( i iiLi ?r <i i n i cUt A] . . _}j (_£ T 'J ' * la.9 

. L&jLpi.! jIjj ^1 5-uji^iII oljLi/VI 

3 I rt* iii U j^l i,-i 11 <j-a jjjlI Hearsay *_aLJj_iJ aL«JI c^j^jjJI jmjjijj 

(^ w-aLJj^JI I j_A aJLxIj-J Jiilj . La 2 K ui a Ja. ^ (jjLtllLl iZjLayLt_aU 
(^a-JlH! J n i ,i (jk,-^ jielxJ JLfl^.j»>KJ! (^1^ "-^J-^' Jr^- (Jj-i-I^^La-a 
2_uL<JI 4j- 1 nil! (jLa ojuk j la-lll 2 j-^j <j-°J • ^i^?"-" J_lP^ ^J-* - (j^ faSL>JI 
! j_a Jjl i* ; nij "'j j j -•- aI V> &» L^jJJ jio-y Lo LJLc Hearsay j_oLJj_i (jjs 

Myrtille J-J^* J^^i* 

(jl I (Jjjj-lL (jSLajj . crin jSj-^i ( _ ;r <juL) 4jlaL>. (^ 2 , I Jjjj-us jj^iaj j<u 
,j_a IjJLC Lajij-" i .1 a 4-i£.l iU ir^il CjLiJ (j^ Ijl>- SjJJiitA (_L«^>- (^r^- 1 -^>«^ 
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Top J ImV er^-' <j-« L°LiiJ ^-°LJj_J' aJlJ-'ii.ijj . 4jLU jjLa^u V c_i!_ij__Ji.! 
,&ic (j'^^rH Ur^ 2 J_uj_us i;»Jiiei_u! JL9j . t^J-H j_U ! ^^Ic LK J-alUjj Down 
i_UjJ_>JI 4i!^_tj c_!jL2u^_*-)j i4-al-> 375LtOJuC *_L^Cj!_ij_iaj 4jj_>J! j_4>!^l_JI 
_ 1 c 1 (J-*J - ■ ^ * /J d i ■■* (j_a «L>.jJij-_a 4_jj^_ulj-u_ul aJj-1 i ii ij (4_u_u_ij-aJu 
i Jjiit'tl (j_a cLvjjJI aJJb JlLaj j_l«1u (jjJ! (oJa-J! jLJu lil!!} (___i 4JI_Ju iJjLj/V 
sLajj-Lo 4-a Jlj>"1 i u a (4_u_uL_ut i_L_>L2Li SjLc (j-a 4J_a_>J1 (J_jl_>o (Jljj jt I j *^ i j Q 
Igni^ im (jjJIj HWIM ^ 5-ajj-"n.iU ((Islands of confidence 3-ZuJ! jj->-» Jia 

.Jir-iiitl !j_4> ,j-a ^-ILl!! *j^JI (_-£ 

S 3jlj_>JI 4_».j_i «__jj_uj/ ( _ 3 -La 
^ (IhU^ Cr^ ji ii^it l ^Jl 3j!j_>J! 4_*.j_i j-^aj <_-!* 

S I JLC J-;J-a 4jLL-_La (__$ 4_j_%Jl» Jjj** 3 A^ 3 ^ U l-*-^* ' J ^„ ' " u-&> 

Control strategies ,o_C_*_l!! i__.L_t-ulj.L-u! 

3_aJ__-i Lj_aJLJr"i ..." (j-J-J! 3 lil'AJJ JjjJiaJI 0^> ihH^ dlLs^to-V _>!_j-> 

i__La}L__i-V! ,j-c 5l_j_*_U jlcLs j-ljiitlxJ <___} («_C_*__J *}K.! ^.k. e_-j_*_JI 

(j-a-L^jJJ 3jLi/VI (JJjj-u ( -J lJlj-3rtl*i'>itl Lgi-lj-lLl :5-aJLJ-" i .ill 43jjlU £jj lJr £ 

.4_gLv>-Ij_lJIj 4_JVjJI (^Jl 4-jji^II 4_5j_ttl 
J*C ("i j_2_c J-C-Cu (ji^. Harpy^.-jj L_* £_-aL_j_j ljr £ c_lj__o 2! (JAa_< roluj 

La-Lu i ( j__al_>J! J <r\n\\ lJ J2 L&I iiiir^ij (jH-" *j>*-^' JLSu-iV! CjK j i"i1 (__JLu 
jj-CU v__.|j__oVl Iflj'q J_x_u (jl <j^-*? Cr^' ^^^~-M Oljl inU ,j-,L_iV! J_Uj 
(___)! (J___ij_J! (^ 4Lij>JI j j i nij gljl of ji^it m IJL^JJ .CjI nKII jl xJaLall 
^L_Lu1 ^j-a Lc aj ^-aLJj-Jl ^—LajLJ dJJ!iJ .^-jLj-JI ^JN miM ^—3 ^ a"l i nU jl o i nil 
P^_«Ila (j n i>i Cjj^Ja (jyl!! ^-a!j-J! (_^Ll (j-a 3«Lfl^ jii^l jjH»j (_£ jJI J^Lnlli,! 

J^i.ill ,3-a (jjljJ ^l^ (jlj i5x.j_.JI 4_p.LJ (j-a 1976 -1971 (j-a Sj_l_JI ^ Arpa 

4-^_ulj_u_ul LaJ_^-"l i na (j^_a_u1 (_II jL_u_ul (j_a (J_a_>J1 (_jjl_A (JJbt_lJ . 4Jj Jjlj 

V LajLLc 4_l_s_-ljIj_1(-uI J-U2J3I (Jj-Cj V JL9 (_ylllj fan-out strategy 4_o-^j_a 
2tj j , uj 5_U_>J| SjIjlj (jlr i__>jjl1I! (jiCx-i 
^JL-r " i uJ- JLiAJull (^ i. _i < ir^il C_ul_C jjj- Ij^iaj j_i_> I 4-ii*_ulj_uj/l (-dLiAj 
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-3 (j"itl jj^>-» jLCjjl lLj LS is" 2 s~. 1 1 ^j~' •> 4Lu>JI ^ya L^JLlL>o /<u (_yll! «lj^>-VI 
jl i.ijll <j-a Lai ^$j2>.\ (jJI ((Sjj)^.)) (j-o JjLelJ! aJi21jj ((Islands of con fidence 
SRIXSDC j 2 Jjjj-lo (j-a ^JS" Ajj-~i i ujj . jl i .ijtl ^1 (j-ui-JI (j^s jl (j-ui-JI ^1 
c-|_ljLi I j ,^-»'a (_uaj ^ylll v^jVLto-VI jjlc JjiS 3jLc (J^Ujj rr j'* I I j-* 

CjI i K II jl_Lli.lj i(_pi3Lu (_gJJI pjjjajll (ji^- ijLpjVI j^jJ CjLjj*_uIjIL<j/I 
<>a L*J> HWIM J-aUjj jojLir'LMjj .(^JVjJI ^jl^U ^ VU.o.1 j3£Vl 
4_«_L^ (,5-Lc <-Sj-«-lJI JjLao (j-J-II i^jLa 4jj*_uIjILj/Ij 4jjc_uIjjjj/2| ijjufc 
jj-uiLsol (^ (JjlajJI (j-3 jlj n"ii ..al j<u lOLaiS" 5x.jjsj*js (j-a (jLUjI jl SjL»-lj 
.(>uLJI <j-a "i-talS" 3^-jJU l^jjlr i_3jjtlll /<u (_pj| ^LaJSLII ,jjj l*Jij 

4jjj_o ^a 4JLl (jjkljJI O^oJI ^yfl A^lSLII (jic (_Sjj<i!l *-aljJ >l^l J_l*1j 
(. _i j i ntl <j-«-SLjJ • 5-jj"^ U S-J-iJaJI ajLill ja^3 J-oljJ fl.il (j-a J^^ ^jf 
La_« 3 j"j i^aJI SJL-ujJI JJjo ^ »Ltaa>Vlj (j^aSl^ill ^ dlljj i hmjJI 
i l_jj_laj i I U -»JI gl i i m i J j I ri" (jSLajj . (J-lLkjJI (^ jj^f" j*-*-*^ Cr'l L?-^ 
■ d I j I -»o -ilj-U A^LSLII 9 J (<ij-a (2>C 3_u L«J>. I j-l J S-fJ^-i CJ Laj I < a ^1 jj-"i i hL 
(j-SLal I jlj . _>jJUx_a joJLc ,_psljllal jl ALaHaVI (JLse-a JUJLso I JLA ( ■ . I U"_1 j 
(JLo_lj_u I i*" L$J Jjoj^o-a CjulS^oj j-ljuij 4_ul£Lal (jLJS ^^paljUa V I I JLA J).^"*" I 
VI .jl j~rVI ^ juWJj ^1 ^ujr^ll oLUslj^aVI ^JLa j.a'i^j till j JUj 
4-j_jJlUI CjLjj" i .i U ij^-i (_LcLajJI jj^ pj-JI I J-A j j (i m J^j i .ill (j^s o";!^ AjT 

.3Al'^U 

(j . .i se "i j i .. li i ..L>JLi 4-uj i iO 1 1 jj^jJI (Ja. (jl aLc J*\ i"i > Jj-flJt (j£Lajj 

. 1 1^ . A . j| "i 1 1 d ^ l^s i ) a I /; l rt 1 \ i a ^Lli fli^l l d)l_a ^ ) * o 1 J / IS '"■ ; il^-. , L*. 

• f >LCJI 
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I , ^ , ,-. -»■" rt (jaSLl 21 (^-^>> t. 1 1 uL>Jl aJLj-I i nl d 1 1 n Hu 

^ U * rt j 3juaL>. c_t_pljjj Cjl!i 4g£ I ILa < gal 4^t_aj-i 4JLI 
. 4jL>-LloJ j^C j_iajllll bJ £ cQSjjJa *_a jjlajljilj JL3 
^r'ttlj t(( oLaJl)) p l^".*!! >qg a, Lseli i "U Ltiajt lLILLAj 

(_3j_^, 4J^ 3j_aL>J! 4j*_aj_J! 3_«J CjLj^jj 4-lLc 
( _ ;r lJI Sj^g.1 j~ U Cj!j_U (j\j 4j*_oj-lJ! JlcIjJS (_, i .1 m 
j-tjajlj j.J-1 <-, i j i ii ijJLlAj . i. 1 1 .iLaJI Lfci^ a JLa-"i i uJ 

natural-language-3_Lj(_LjJaJ! c^\ < IIL 3-j-Lu j-oIjj 
ajJt" ... U (JJ^-j VI J_<£^J.I (j-a 4J| jj* interface 
I JLA (jlc-j °^'^h L " SjlcUs 4-Uj Jjj^jLilj 4jIj-> (jlc- 
(jjjl JL^. *|jf (j-Lc: Ijjll £-aLJj-J! jjljSLj ^1 i_i^tj 
dJLi^a JL>- i_gl ^J^^-_} • Jlj i nil jj i <tn~\\j JjjQJI (j-a 
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jljJijlII dJLl&j . SjjjijJ.1 ^_oLJj_JI ^jIjj^s =U 7t i ajj Lojux. aL*1aVI (j! jJLaj 

terminals 4jJ3jJa CiIUt <m Qa la n" ^e-j <j-4-« LiLtJI 3jl.iVI i_<3lj_4J (jjjjjd,! (j-o 
(■ 1 1 »L>JI ^-oljJ i_Lt^*-J ct^^ - " (^ a'ftil aJiJlI L$J /a^-aljLJr"i .il jJoj -1 J;~'^ " (_y£ 
(JJLLI (jlc ouijj menu-driven /<ulj2J! Cj! i 4^$JLU *-alj_JI (jl dili .«4jjj» 

i j\S>- /J& 4jLutC Cjl 'j\p Sj^ejlu (J^L>. (j_a aJo-1 i nil (J-3JLJ (jl ' 1 1 LajJ L$-l2 

.43^JLa 4il> j_<l/Lyj 4jL>-Llo.! (j£. j-^»J (jl J ' ' a " J ^' 

Interfaces at different levels: -' "'"M ' "•' _■ J" - V «jic ylmJ I 

^■J-ir' i .1 U (j-C (jr jiie_l (jl j_A 4_tluJI ^lxIjjJI (j-a ^ i 'ij\)-II i_3JL^JI (jl 

J i auj (_g jJI ( _ 3 jj/Lj/^I /y_aljj^il CiLajUt.1 SjLcLs (jLj-Li Jflo 4j-l2jJ! Jj.^l A",tl 

Ajj-" i ii U sUX. j-^»J L«£ i .lUtl Jj^so ( _ ;r l£. 4-jJLlJI £^a!j_JI aJJt Jjuljj i4j 

.ci^t-J! j_oLJjj -j j I Lajj i^JJ! JSLJJI (jJI 3<jjU 4J jjuj <_,lll 3-2jj_LaJL> 

4_j_Lj_Jl ^-alj-jJI I i j J al :4_j_u_Jl ^-alj-jjl jj LaJ (j_« (j-Uq" i n o LlA t _pa^ « i i uj 
J'C i"i jui-Lj (JjtiJLi CjI JU JLSj j_j ^lajj CjLejl j-jjLIla JSLi (^ Sj^>-jJ,l 
'**■ se 1 pj iXa-a dJljLa (j-^ (j- 1 ^-^ l£9**' ' "^ /^'^ Lot 4«LjjLstHJl CjLstllU 

: 4_JLl!! pl^JVI (j^s cjIjI i .iii'n .i^Ll 7r g i ..I (j-Aj 

(j^)) dili JLlaj iiZjL>.L1lL-uI (^U aL_l2J1 ^.lU*.* V (^1 cljljl iiiii'iinVI - 1 

((SjLJjJ-a «_23 5JjJ (_gl 
4CjLjL_u_>JI ^j^* I ' 1 1 Iajj /^-Ii jt CjL>.1**i i**i i u 2 1 ^j^* * ' 1 1 Iajj /^-Ii '. i 1 1" -2 
2j SI_Li!j^Li£ ^\ jj^Kjjj (j^s Jjj^sjJ jLLaJjJ! \-$2j i~ i iU (jr^' SjJLI La J!la 
Jlj i nil I jut JiLo (jlr 4jL>-MJ 4_l3 L^ Sj^jHa CjLo^Lla dJLut OJ&J (j! J-*^^ 

jl J^>-jj (j! o^f (jrp-y J-o i^l (j <j m_i 4iLvaJ.I jjl (_L«IL>J,I ,jji (jSLlj .j_<I/Liji 

,j_ajj| »IUr I (jSUj Cj I j I U ? 1 1 icj_<j/ i U i ,ijHa jj£. CjLayLnII (j-oj il- i i n^d 
.(^QijjJ.1 tj^i jlU^tl 3ia.j 4^j i"i i .."i Ji^ i^JJI (j-LjjJill! 
ljr &, La Jfla iCjLiLuJI SjlcLs lJ J2 al^>.jl\ CjLa^mi jj£. diljl i ,tn'i ,i\ -3 
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<v ,;*. ■ , . l hl 1 OlaJUU 6-j^g t^juuLi gx>ljj 

w A IA j rt £^ 3_5^>.^Jj CjLagWU (_& La S3j^.LaJl Lgjajjso /^"' CjuLj_J1 <J aJL>. 
-"tSjjiJi,! «!jj La» CjLayLnJ.1 j_a pj-^l I J-* uflin'i (jl jSLa-lJ ?5_Lula CjL^j_Ju 

oljl iiiii'inVI (jja^j* mU iJLAj^Ic Jjutj^pJI *-a!j_J! <j-aj .metaknowledge 
Sa Robotintellect (1> Ladder (2) phir- (3) 
^IjjJa u lr 2_JLl!I tuLaLUsV! j-g-La3 jl jJsjllI j-a -.^LU! ^j'wtl 

:2LoLaJI 511111 Cjljimtl fj& JjVl ^li.ill 
1 1 j "i I >j Ll j^j j ir-i^i jjfc La» J!la sLiAJLl *i i nTl d I* i .iV 4j£j CjLiLj.! -I 
JIJj^JLa Sa 1983 aLc 4j>-j.J j< i n .}■■»■ j 4jLa SjIjoJ! 'Io-J-S CjJju ajj *i£ SjJ. 
-do-jlla 4x& 4j3_Ajo^! jL$jVl JI_aJal d^o^u^a jl dil j ii! j^-u^a V JjVl 
4o-^Ii_a I <j '<< I j S JJLa^sj t-Sjjj-a j^j J^Jal jV (^Ic^l JoJI JUC 4iiiLa 

j i'^i l j-a j i^i^l j^j liJLut jjSLj jl I jl>- JjiI^J,! (j-*a) i^j^/l j->J! jux. 

JlSj . jL^J^L! d 1 1 .lilLi 3-aL$JI CjLujJ! j-a (J-ujJ j ir-iiitlj . (^L*3 (J^cj^a J^Ja 
.Jjj^iilJLi 3Jl imU aiut j_LJj£ (J^J- 5 
CjL>.j_} Cj^\ se i ii ^j^ gc d 1 (—jLLII (JlJ i nil /jji^. x_a1j-Ajl /o_Lajt_a c_tjooj 

- (5) J jjL<JL^bjLi|j^ Jl «j^ i jV»,4jL > ^! c ^3 rs i! lf ^SSALdSjIjoJI 
I jut (_yk: 4jL>-!iLI 3-JVjCL-uV! 5uLut]l „ <i m a^IJ V Lul ^1 Daniel Kay ser 
^MiLa 3o.j.> 25 ^ JljjJI ^ Sjj^j-U Sjlj^JI 4j>.jJ oJL^^J U£ JIJjJI 

. LujSjjla ^JJ '-° f*^^"" i " ^ Lut dJJ!i 
jj£j JL3 djljr^iiil *u!jJ9 »IUr I j-a Vjj Sj irViV a CjIjLijlj 3_>L>.V! -t_! 

?4^j_,iJ| SjLuj/ Ajj-" i ii _> gi i .1 1 .ijll lJ Js (j^s)) JljjJI jL^ jJ ^L\*3 . SjljLs JJal 

»1 <i i nLl 4_a_lL^ Jlj^?E_a j_a J^S\ Cj La^ I ♦ a _^ La «j <(4_ll^_lj (j-a-UjJl)) 3jLi£, jL3 
j_a J-^ji /^—aLlj-jJl a Jl?-**( i n a «_a jjLftjjl 7"J)J J J LaJ CjuL>.I g I La C I -_>. 

3 Lj inVl j-jLXLi dilj Kaplan j^LiL^ j_Us^jj . Jj-1j Lxj Ltij^- jLl21)I 

:JJhll ^LU-Vlj 1 ; 

jL^La! ^ */. 15 Cjj^a j-l^l (_, I r I j I i a ^ jjj-ll tLltaJI xjb jjs : I (j^ 



IV: 



2 



Sa 1983 aLc >Lo-Vl jak. ^ M>"J ^^L^. tiJLut C^Jl^ Jjk :2 (jj/ 
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S* 1983 4-uoj (^a >Lp-^l fsl^: ^ (jry^LJ! 3MUt| jjlc (o^ :3 (j^ 

.Jo.! V:3 £ 
:jj>.T VIJjj/ J I i uj (jl jj-2j 4JLa iSjLv^I oJ-^J (JjI i nil L>.Lij t2U±3* 

5» 1983 ^jj ij& *Lp-l (jLstLol tiJUa jl£ Ja :4 ^ 

.(3_j!j_J! (j^j^JajG o'o^e O^^fM er*j) -^ :4 J 

LIFER: jM t :4«*Jlg»ljJI xU tailed) **\ 

v^jIjj^ l^!-*- L>- JjxJ-SRI International ^^ jj-Ls lS J-!l- «j-o-jV» Jljlj 
3 oh'<Vl jl <J1jLJLljJI SjUlLLi JLua^MJ SjtjjUII CjLilJlj 4j-LlJ! £-al>JI *Li> 
4-£. J q> a (—1! 4_aLu3 2u 4 a^e_ul JlCI 9J2J ) 1 ■■ d rt (j»a J-^ J ^' ^jftN^Jj . 3j-u_>JI 
(^jJI _o^ti!! JLcljJS JjJLr>o 1j JlC aJLJt" mXI JLcLvuJ I JL>- 4jl3 Lj jjj_r>o L-ijLLij 
i 4_j_«_j_»_L3 4JU (—3 d I t i u 2 1 «_u3aj L_uL_ut aJl?-**( 1 m1 /j-Aj • ' J* '^ * (jl ^J- 1 
Jlj in 1 1 ^jrjj^pJI JSLAII JJ-aj template t_JLa <j_a ^tj SjlcUs J^ (jj£3j 

SjlcUs (jJI Ji. jll JIJjJI 4j J2JJ (^jJI JSLJJI IjUta £>i« t_JHj Ji- jlU 
1 ta ^'a JjVl (_JLaJI Lufc Lia-tfJJ .iTjLJLuJI 
JlX.Ij-2JI (j_o M-Cj-fl^ca JUJLjsi^j |j_tj 3-j_LuJI £-alj_JI «I_L> 3-jlaX. (jl 

(jJLlI »l j uiVI iZjVjJLa JjJJ"«j ^J-ta (jJjj ijjIcVl ^"m 1 U tjic productions 

lJr J2 CjI -Sj-ill CjI nKl Lj^J-i-a 1 LcLj ^^Vl CjLjj" i iiU l _ y \^. JfltVl (jl <j^-<U 

,j£. cjLjLu SjlcLU JIJjj/ t_jlj^.l SjjcjI/ I -7 (J£L<i/ tcUsjjij . ALall&V! JL*-a 

S a^ I j-J J Uoj-u . (Jj» uiJ (ollj (jH-a » 9-^J ^^^H ^-^ ' 

When will Bravo' s sonar be operational? 

•.jy-lo SJj^i Category 4J5HI JjJI>J <jSUjj 

: 4J ^ a U < d An^. I , | ^1^1 | ^ a <*^ «j l-x *" c\_a_i L9 4_La_*_o 1 a_i - I 

. (jjL^v/SIia/c-J^) = '.(obrP-) 

I jut k • ■ ^_'j cQ^iSa. jLpi.1 t_^aj (_gJJI (predicate JjjuJ.1 2U , „lj , -2 

L^_iLjj_«JJ (j-£-4J (j-^-i iS-lSL^J z (iljiJI 3x.jJlJc-a (Jj£j Lajii^. LaLt ^LAaj 
3JL>. tiJLL* (jl La^ . ^Lla 3_l>.jjJI jl JlC^I J!la diljj i4-lusL>. jl 2 a ■ aj 
4_Lc j j < Jj I j j 1 hi I JtJL«-a 5-1 j ri n 1 1 «L«jjVI Q5S-J LaJUX. (^-Aj 'l5>**' c *- a -^-° 
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OjjlijIJI CilaUU o^g »Au £oIjj 



.(Jo_a_>JJ fJslaJl /^ tJL9^ L?-" L9 P^-^MJ-^' (J-° ^'V 3 *' d la i til aj 
. CjAoJiJu (j_a d 1 1 ul i ii d La . u | aj LjjIj^j -3 
3-^JL*_a u Ir-JJaVl (j If La Oa. (^JI-^jJ^ ^ j-ijV ^Ij^o JLa.f (jl 

q^SLj ti-^v 4_ua21_LJI 3_11^VLi j-^Lui 4l>Lc iJ^Jj .JLaaJuJ,! cuLlj^iJI 

4-aJ£ Lufc (.j-U'JJ '(jJ^' Jt 1 ^" Ct^ La^JjjLu/ Jlj-<-u (^1 d j 'r o i <-> SjLJu! tiJLufc 
J t. Sj a i n (j^>- V"^J ?"^? (*^ •(>" 

. 15500 i_^!j 10324 *^j ■ ~^j« 




SjJ^jlU IJ_iiL>. ^'j-j jLj^u tjj^ 1 1 ii (_jj-o» ujl^cl 3^>_»_ii 1-7 J*s i"i 

(«LjjIj iil)jl£j 4^j_»iJI (^ i_aJajJ.I jaJSj £^aLjj_jJI ^ U <_)) 
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. 28750 . <_ulj 3 1 4 1 6 *£j (JJa_^a 
jlIxj dJJJuj i5JV! (^ oULljJI SjlcLs «Lu 5-loj^ S^j^I r^j^ u' oj J 

,l_uljll IjJjLa- U-ml «SLaLCa» 3_«J£ Jji^J :^ JL*-" i ,iU 

.^a^iLa '.j-ijV 

S (jjij^a. (Jjia-jjj. SLflLCa «_Lu jo£ '■ aJLJt" i ii U 

.(«Lsi^JI ^j-ii-ij) SLaLCa-SLalSLa :j-ajV 
. 5000 i_J!j 26 1 828 ^j L-klijjj 
j-iixl! / 7) LADDER\INLAND £-*L>j-> jJolaJ <^ >ijV ^jit^,! jlsj 
^-ouj^JI I JLA jj_a jjut-o J\J9j i4jj^E_J1 ^j^ i ■■'■ 1 ^ 2 1 ***' rt CjuLjj SJlcLS CjLaoljt_a 

.jojiJ-SSj^l^iC. f><-ul L&^-J ^J- 5 lS^ 

.jojij S 34-00 N 43-15W jJ3o-a (^-11 J-^"* Aspro jjji.il 3j +"' ' "" (*^ 

(<sj(J-Sj^tjJI (^JJ Shark dJjLi Jj-u ^^.a 

. *SJLJ- J^jLtiat d I n a~w (^>£- ^j-J 4-la-*3>. *" i 1 ^a- i ii fiLjJajot ^J fl ' ■■ t^i 

.jOJU-S JUta jl jlj L$J Cj!j_)LU 4laL>. (_gl JL>-aJ Jjfc 

. jqjlj jfox (j_u£o^ d nn i n j_l^_>o jjS.a.l < p ^-i-a 

/qjlj ^Charleston oj**' ' ntjLiu3 4_Lloj_u ju^jji 7-^Lt-^l (2A- 4 - 1 lt-*- 
. ((jjlxJj Lii3 jl jlj t-^Li^s! (jSLaj t;r la)) JIJjj/ jL^slo.1) joju-SjIjjIjJI 

.AJLJ-S lLLuLLiLU -S^J ^Jl}"^ ^"-^i- ' *>^' 3-^ ^a 

. j<sjlJ-S«.!jjjj/V! iU->. J I a i". 3ji^>.j^ (j-o-<-u (_gl 

.(*? 12-5 6 N ijj-l*- 3-ia^.j.a (jiii.i ^1 jl iiVi-^l) S 12-5 6 N t_j^l>- 

jih I « 4_jj-_u_r»ol )> (j2 LlA J ' ■■^" j' ' •*•>**'->* V 1 uj'-^ ^-^i>k) « ^^^j^r-* - 

: Lai ( _ ;r i«-J (jl (jSLajj (jiijsLc. JIJj^JI Kijaj^jjs t_jji>.)) i_4J^jj (jjiAJ L^J 
: jl SSj^-lUo'^I (jiiintl (jjk La 
(5 12-5 6 N t_Ja-t»- Sjla^j-jll 5j}_LL>tjy! (jiii.itl (jjt La 
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<v ,;*. ■ , ; hl 1 OlaJUU 6-j^g o+ljlj <joIjj 

*^-Sl_£j_<j*_<i]! jainJI Ctxi J^tjJ <j-i" (_£' 
I j tj i a j J-^>y o <" " lS'" j^ i^ala.|) /oju-S Le Havre (^1 LgJjj^sj J-^J-y 

S Havre ^1 
lLLI jjj 4(^_iLl3 (^uSj-o 4_ijLa_a_i '"''j' ' a^>. 21 (JjLu 7* J * rt f^^-^J ' d Ia3> ^ rt 

. Havre 

. jojlJ-S jlJ-J-<-u I 3-Ltfl-uJI (jr^- Jjlj i ii U JajLiill *u-u! jjfc La 
•qjlj-SJJj Lis (_Lo* /j-I! ^ t rJ J -^ 0*-*-" (J-° 4— S>-se_m jl i n U ^_A La 

/ojJ-SFall River 3 niimll ^ (j-uS^i 3 Ui mtl jl*_> jj* La 
.joju S*!jlx^/V! Jai. JLa-<ii Sjia^j-a Zulu-5 jlj-ls <j-a SJLsLj ^1 

joJu-Sjji-f! LU I jji-aajJI (^ 3_j_a^j jjL>- d ijiii .1 r-l"n-"i i .1 Jjt 

/qju- j^J-ajti] 3J»aL>. Oujij.il 4_Llqj_oJ| ■- ■ ' aaj i^ia 

joju-S l^iUj^i * LLlo jjfc La 

(9) 
j^">j JjjL-aJl «_auj-jJ1 3*_o LuToxClq Plaines, j-^-h /T^H^ ^jlJLujI SjlcLSj 

• olj^JL, 

^—^ ".(jLo* 2l x_Laj>. (—3 SoJLlI jj_a 4j>.jjJI j-^' p o_ul 1 JLA ^_alj-aJ jj-ajjj 
j-J-CJ d j < j i U j j-J/Lta cGjjJaj L^J 4j>-jJi,I JIJjJI J-^sj ULU I JljJJ>. Jjuij 
3^JL^t_a j-i^, d u i ii 2l tJ^oSj LaJ_t£, ^.aLlj-jJI ja-AjJLl La ^jLcj-j-u j^H-^J i4_Ua_aLc 
dilJLiJ . J <f ,2^C. jy-aLij-JLj pLfljMJ aJlJ-" i nil ^t i n_i Lajti^. jl 2 1^3 aLc jl 

S oJLj^jjij [j\KSl\jJ£ CjLa i_ij^ 
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Sl_Sj|JJ<_a cJLajj|J (jjlSLllj^ CJJJS <_ r J I I I Jjfc 

: k i"\ i i d i« nU l3 1 cLuLUl i d a i . Us 1 1 j'taS^j l^ 'ii 
VI o iLJ ml (JlJ-LLsoVI (jn itl aJLJ-'mil) 5 cJLJajJj jj^JSLJlj^ cliLa I jU, 

Why did Franklin Roosevelt kick the SLajJI q-c j s < 1 1 (^-aLc 4-SJa. LtjLi 
.(/aj>.jjll ,i_u-uL>JLi J^Lia JLojljj-uVI IJLA JiU i- . j i uJj bucket? 
iJ ^il\ JjijJI J j ii ■»" 3j>.jjJ w .^ai JL>. 4jjJiill 3_o.l_JI (j-a liJLufc (j intj 
(jj ta _i *_U^a-j (jl (j-£-«J Jlj-" i^lj . I fl "jj-g. Liu |_gj" i ii a J I .(jLjij'iil I fl I j S_i 
-(^-aJjJI AjLfllll (j-a 3_ufclj_JI 3JU-JI (^a-jj-ij-" i ii U (j-aj iljla. SjJJLC 3_itie-a 
. aJL^-**i i n all SjJSali-U CjIjLlo*2[1 x_j_oj>. (JjLlU I 1 1 nLr»J1 «_aj-jjj I i i**n (jl 
Some Immediate Possibilities :4jJU>JI CjLJlSLaVI (_>ijt-> 
l—L l_o_i_3 a , 2 ■ • i ■ t^ t l CjLilll - i j'a 2 ■ *^".t 2_JL>. i " . I ^ ■ ■ t^" SjLc LjlLlA 

: (IO) Waltz ^Ij UjulI <Jj1\ cjl5nU-.tl lLIIL. 2u5La 
(jl rLioJ tiiLla Jlj La <j£-Jj h5jj>.V 3JLI ,j_a S-^j^J! ^ SjlcI ...U -I 

.» laj i ii 2 1 {j i n -z-i a (__p3a_a_ij 1 (J^t-i (-i 4jVI «Loj>.jJJ (jL-ujVI jljvIjj 

(^jl_2JI > iU* i i.j Lg-La (_^i!lj ' L^^ajJeJjJ (jpL^jJI «(«-£3» ij^- Sjjiill -2 
I ^ **~ t.S'*- ii /^-Jl CjLa^UU /-i>£- t^oj-r»o 4JLuaJ1 dulS l!il La jjJLi (jl slcj-iuj 
i«_^_flJI ,j_a t-UsljHo ^jfi i ii a ^1 LJLs- 3-iaJj.jJi.l ^.aljJI i.'il i^j JL3J . V aI 
(JJijGj La Ij^lJj '-^5^ (jj- 5 '-°'- c - Ut^ (_)^-^' £j-^>° Ui^Cr^' ^^L>^l (j^ 

.keyword searches 3_o.Llail djLiKJI <j^. i.StjII 
Jaj_UI J-ojlJI (j-a j^jj^ jJl^ «l JU ,_^aj_ua_iJI jl JLcl ^ 3jx.LcJi,l -3 
SjLcl 7-lj_lSlj S.j^ajjlj 2 j^l -». j tl , I U-^VI j-^c i ^ A£Lil JiLa (j-ut^Jj-^Li 

./ i^JI 4_uC ij <~y * • '• *^- ) ' a t -i i fiL^,Lu^3Ji 
din <__)-£aJ (-JI 4jja_t-a 4Juj 4_»j^J,l CjLa^UU (Jja^tlj .^JjLlajl JLJ9J -4 

. «lj-2JI (j-a 4^^ i_gl <■_ ' . ii Lb ij^>- t_!^Lj/VI (^ joSLajJI (jSLajj .djtjjU 
i3j_uSLII CjLJLjjJI jLcljii Jl .^"Vl ^^fl jaSLajJI (J!La 2 lil'iAca i"«l ajxtaJ -5 
3_^Jlj L^JLc j-J-«-a Cj Laj I < a j_tajjj ^^ I ~ - — > T I ^yJVI (jl i uJVI (^ jaSLajJIj 
cLaJaJVI d U i .il^aj i(jtJI ..4-ul i<i^ . A j j U) 4jj^aj^iie3 ^jjl_La (^ Sjj uiX Ij 

.Sj-ujJI 
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***** 

liDj jLj! JlJSj -5 L^AMI J^ijJ! ja^S J33. jjLoJI 

i4_^a jjj (_g jdi 31 j '" 1 1 <i>c- jj^-^ j-*^' (.y^ 

4ll<_u^L! 3j_»I/L\a j_lC CjL>L>-J ^1-h'i La !jj5£ LiJI La£ 
. I ijlr y-j Laj 4 __ r ILl 1 
I^UJI jljpJ! ^1 }Ha jj^l 

ScjIj i" 1 11 U j-jj i,Vi 5J| (jjl '.(jji 
. 5 j 1 g 1 nS a L^jl : r* 
^jl j^pajH^l <J-(-*-u (_£JJ> (j^^ - Mill ^jl Tc-ual^Jl ^j-a 
3-Aj -Cil J i**( I nil J^J ' ■*" 4J1 a I Jl^-**i I ill Jl^J JjL-ajl 
Sjjj i^i 1 Li (j-u-J-I (j-S^Jj Ltjt 1^1 (JjSj JL3 y-l'Tn »l 
<j-a <jSLaij ,^1 3J}U 4l*ljJ! 3JUJ! ^ 4Jlj -dllj£ 
jJL^I Sjj 1 11 'C a I j '■' j 4_i^o^3 dJJjJj t Lj-al JlJ-"i i .il 
^^ LjJLi (Jlj 1 nit 3j_<I/L±a 3-iL>-i 4jlUr| (j-a SjLjLs 
. Vila 508 jaJSj 2La>c 
J 1 y}\ J j I t'ii aI <i"i iT>VI Llj*_jjjG j_±ie_jj 
CjIJS^LuJLi <j-Co. LJI ,j-a JJLc LJLs. -1" jJJ ,21 ,^AM I 
^ i^ii^iSII (_j-i*Jt! d j U <1 (_£ jJlj (_>-aiJI (^ djjj 1 nt I 
V LgJjJU (j-lJIj djljL^.Vl (_^ (j^jl ilXI £SljJLlJ 
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<jrGja_i^3 iiLa_i2l oJUfc j j t-i" JLi-Ljj .(jr-i ! II (_y^ (_£j^*J La *t£3 > jU" i n i 

aLjIaVI 4^Lu-u (j-aill 3j£Laj « story grammar» 3 1,-iStl ^scj jalaj *-a : Sfjt 

.Sul^JLI t^o^-LJI JSL^JI ^1 

. 4_Ll*_« <_31jukt {j-jAselLj L^JaJt_LU /^i-JI Jjj-k^ 4_i-aL>.j 

story grammars Adt^jJI il&JI 

(j_a (jaSlu 4_j_u LgJ ^j a ' aJLIl -n la * rt jt 4_Ia^.^La (j_a 5 >SLAJ 1 0JLA Cjl nil 

. 4-uj£jIill CjLcjjijJ,! (j-a dl i nli .i(j-a SjLulII (JJ^jj LaJila iCjIjLs-^I (j^ dl i uL » 

(_, Ir J_i£pJI ^ Propp ^Jj!>J J JL»- Rumelhart -~«jl j * j"jj I j^- Jiilj 

<uJ S"m I JLij (j-^3 :dUj i .it 4-ujj Jj-«jj La LJLc (_yjJI l^Lj^lj^J! ^r-l Ir^Stl 

I j_& jjua-jij i« j j'H 2 AiU ^Ir j j i ii j [jL? Lajti^. iajj cj! jj « aL& 

(jJ! jl S JLfljJI Jjs- (jJ! 5-jl g itl (^ Loj^s i L^jjo (^3 SSL^I 3_£_uK-La 
5j j i a S a L$JI J J^l • 3K uiXI J jLu (^ 2 ibjia.ll JL& ^Ir jLiLltj LJj . 3Ja£.j^i 
3_lLl11I icj^u>J.I ^Jlc <_SjjO]I <jSL<u 4J| (^JLJIj 1 I Jl>. 3Ujnijll 2_<_Lj| j^li. 
ii_3^cf La jjJLj «3JacjJ 1" ,_,!<* i_Sjjiill LiJSLaj La_a ji£l 2tjj • ■■_' (j-a-J! (^ 
.cGjjJaJI oJL£-> J-aJLJ ^_aLij_i J^J-JJ 2 

Scripts ((^jjlmJt)) gtf^^JI 

g[ '<ntr>j (jl JJj-"-u US'- 1 -" -MARGIE ( _ ;r j>.jLa J!La L*-aLij_i (jl jciJaljJI (j^a 
r*jL>. xJij /^iJi CjL>.Li_uj_u 2(1 jj_a j-±& _}Jlc J-aJLj aoJLu-u -x_j1jJI /] 1 aAIl ^—3 
j^a- ii"ll i. ij 1 n~n jl SjJaUta *Js!jJ! (^ ijJLutj h.~.t jtl x-uajjs S^UI (j'-^-*-" 
jJl^. (j_ji jL^JI 3JjL^e_a J I Mi'qj (^ combinatorial explosion ^ ^ "alj ". tl 
j>l JlJcI^/L 3 K ui <i II ^y>- Ja- (jJI J^ajlJI (jSLal J^j.So.jjJaJiloVLaivV! 
CjLs^LkJL^ JaJ^ (jlaj^J 3_JLilli,l JjijJI JajjJ (( jjjl m i nil ji (_^aj initio 3j£Ls 



(j-a Jjl Robert Abelson Qa 1 .1 1 jtl Cjjjjjj LdJLi/ j^>-jij <j-a J^ jL^Cj 
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uagjojJI p09 

{jja (j^oSHj ajjl m i nil (j I (j-^ **J ^ O a ~" J « 9-jjl m i nil a I JL^-**i i ill 3j£Ls (*J^9 
jLLsVI aj fl lia jj^ ljL>- L-Uj£ Aj)(jcij\ IJL&J ij-j^ljSJ! ^1 ji <ntia ^1 jl 

!*>>• AjJiJj t j M.r tiJlill J.^Atl ^ 6^.^\ ,_g jJI 1(J < iiina (>t3jLI. frame 

. I -8 J£-«i/ ^ « (OJiial! «(j-aJ jj-o 
^jji m i nil 4J3j-*»o ^jt ,_A Q^ ' " 'J *l J tiJLLiL L^ajJa [?-"' 4_i_u_ujJ1 d la 5 * J I a 
Cj!jU».^(! L#j Jajljlu (jjJI cGjjJaJI pfliit (_gjjj_Us Jaj_»i 4 ii I" -W-a CjLjj/LlI. 
Cj!jU».V! jjl-J 3 j ij i .it I CjLJ3^L«JI jjj! m mil < h i ajj .«Li^i3 (_gi (^ d ii I" -si 1 
<_><_a^jejjj tCiLvl" i" i nVI ijr 2\ Jj^aiJI (j-o u 1 1 nL>JI (jSLxj 4JI La£ 3 ii I" ^sj, I 

. I U-^tl ^JLalo*! dJJ!i (—3 Laj da i ' ga 1 1 * (J^ i ii ill ^^jLaJI (Jjuu LaS t_^^>3 
iU j -kJLI cA-iJ (_£JJ1 « p « ta 1 1 » jjj! mi ii ,_^a ij-><i\ dil j I -8 J'C i"i jLjJajj 
iQajjJI J[<pO :3ji nj\>JI ill Jls.^/1 ,_yi JJi£. (_^o (^LJI sj^JI Ui^-y '-'rh 1 j*!-*^ 
<_ i lUj jLlo.Vj i alj ,^WIj <__)[ , ,i-sJ| «^_) i3_i^oJ! i a LtlaJ I (. ilUj jLlo.1 
. . A n 1 ~i ae a CjVLs-j LsajJa i. 1 1 .iLij (_yi>- 4-j£.j^ CiL&jjjl n i » Sj^ij ->UUtl 

.IjSLikj 

...i )1 i n-»J1 j^ulo^ Oo^j i^JLlLsI ' a I * la J I 4_fljLB t JLuaLLa 

— 7-1 jtMl ijjjJ.1 ijijiill Jj^i^ta i3Jjjj/j_>J! /(jjjj/j^>J! ijjjLijJ! 

^^ Uii}-" OJ^J o' 

J^i-jd! JjJS 4jjJ (jl^ U-a J^l ±j2J o^i}-" L?^ 

LtjLv Jjlj /«J QajjJI 

(Lajj) Juj i n (j^oJjJI 

jHSI jia2_i fibjJ <jLJaJL I j-jJla 
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SAM &liji 

>»-j!>! "Script Mechanism" jjjl L mil jj;l^" S-iSLulSLus ^1 SAM j-ojj 

Iji^iir^q I rii^ij «a^» gLxlJj-JI I j-A » jU"i i .nj • (JjJ cU-aLa-l 4j^Lajj lLLLJu 

(j_o <-i!lj-5 (j "J i " 'lj-3 S-^'j-" (J-'Aj .(j 'XL!! 4_»-«->JI ajj »l i n a ( _ ? _<_u T ujJI 

(_, n ni"i 1 .ill ^1 j" 1 .i'C'QLi Ojjjj-u JjJLlo pjLJu 59 ljr £ f\Ch\S (JJSjLa JjJJI 

«L>np (j"lj • dA-^S- 1 ^ Ju ^-O-'- lz*\ * iLAJULl 4J 7t i iij ^LdjVI (3d>^ 4_La_*_ulaj 

<_3jjJa (^ jjjiWilLi dJ^Li Qj" ' "^J' " O'Ti-J-W-" ,_pllia ,*j Sj 1 ,.j iCjLaLgjI (_gl 

.((djjUJI 

•.^LUI l^UI ^>U>JI ^f lt _^,UJI ^1 ^A\ I juk JUobj 

6 (Q-^j Jj-Jj-Ls /^ /- i im \jl\ jj>.L>Ju 3jl_u_o < " 1 rt J La ' a I a i_i I 4-*-ijl J_La» 
JajLo jljJ-JI (jjjL^JI £>>• L« 'Ui-^Nj'j Cr^ pJ^U i-iIlj-5 (j mj 1 "' lj-3 Jj^J 
jo_^3 (_gl (JjijJjjJI *L>-Ijj joJj j"i 1 .i's'i^Li Ct^lui (J^r!- Pj^-" -*9 ^^ p j ? I, I 

.iLuLu-uVl 4ii!Li (j^iitUI £-al_ij_JI 2>i-! U^ 

•.^LUI 4*^1 ^ 43JUJL 42JClU 4lluti\ ^ 2uL>.VI ^LLl^lj 

Saa.1 Jis Jjfc -I 
.ijJIjJ (j in 1 nilj.3 Jl3 . ijojlJ 

Sji^-f (jj^. Ja -2 

. IjtU 1 .1 L>-J^>- (JJSjLa jljJ-J! 7"J^- J-^I '(«-«-! 

SJ^jLo jjjuI ^>. I iU -3 

•(j ' "■i'L?-^ j^'-'^W C^-ajU Ir^ll Sjlj I .ill (j2 

S u n,V„„l l J\ JijU jjjul ^1 Ja -4 

■ (_, ri uu 1 11 U (jJI J^jLa JjJLiI Ji-I J-oJ ifutj 
S u linn 1, 1 1,1 (^Jl J^jLa JJ^J' ^1 ' of -5 

x_a Car Accident Sjl j m II iuL^. ^-jjl 'nm SAM j_al_ij_i ajlj>-"i uljj 
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i_g jjl Ambulance i_al «mVl 4jj-c jjjLLu-u Jlo SjjJlc 4^>a vZjL&jjjLLu-u 

i4_Lj_«_a 3-J-J-J i ii CjLJS^Lc 3-aLJsLl L lJ \tr>z\ (_>-ajJ! (^ Sjl^>.jjs jj£j («J 3jl_i£. 
IjLA (jl I, j I mi 2fJ illJjjLj-aJI 7-jj>.» j «jj>.L>Ju ' " i rt J La ' a I 3jLu_u» (j-\_) 4lol> 

3 j i nLm^fl j i^iL-ulJI ?-j^ji-"i i uJ j«J ;y_aljj_il! (jl Lufc 4_al_gJI lLs Lai) I (j-oj 

4-Lsl i n4j J-j-»j o' o- *^ ^ ii I" -xl I cjIjLjiJ! J^»j liJSLIj n- 1 1 n-fc^ cjjLti! 

4aj>-jILi SAM ajJlj xJstjJt (^J .^1 ir^i ^1 (_>-aiJI (^ CjJijj Li^CjIjLjl!! (j-ojj 
ajJljj i4jtU ^yj-Uinll (JSLiJI <jx. J n'i 1 1 1 a (jli-l-J (Jjjjij (^JJ (^JLa^' O- 3 -^' 
(jr-ijI-T-'tlj i ( _ ;r L»-l jJ! Jj!UjJ! I jut (j-a A iil"-^a djtjjU CjLilLi CjI ir-ijVl" JLjJjJJ 

BAOBAB Q»Lt jt 

ry ...A « ^yjJaJI jjj^-tt ■»■ aU^j jUsj w ' a ' BAOBAB ^LJjjjj^Lsj ,<u 

J J I Vit sGLayLt^s SjlcUs a jir" 1 uJj (j-<StC <jjoLvo]I Ji^iritl J-LaJ!) MYCIN 

L-3^TlU ,j-a j . 3-Ut.i^iL M-uidJiJ^ tLJaVl i&fiZ^l djjIsjJll cuVUJI TUjLj 

(^ lj^l£ J-cL-oj Jo_a_cJ! I j_A 3-3jj-a (jlj iilj^.^1 <j_a Jj^aia J-iLlJ (jJI 
4ILg.l U" 1 .il ,j_a ^ jj ii tl (^rl^. £^-aLJj_JI SjJLS ^j" 1 .1 a TcUaljj .ja^ill djl or 

•.4JLUI f L4JIL. *L2ll 
. 4_ujla CjLayLtA jniil jj£, t-jljX.V! - 

. jljjJI jj^-^' 4^e-i^> (j-a J^QJI - 
< \*~i I .i il ] . ^* i y g 1 1 <~i a_j 1 . 1 l^-s i -^ ifl . . ^1 1 1 if ~7t_a Lj >_u 1 a I s ej 1 ■■ rt d«U I /1 ^ - 

■ >tla 
^.aLJjjJI aI JLitjjj/l x_a s.^;^ ^1 Jj^sjjJI i_3JL^j gLL t^ Ja 4jlLi jl^s. «l jl - 

J£L^ (^a BAOBAB j-aUi>j 4_ju ^JJ! joJUiJ U^j^ 2-8 J£LJ, jr^jj 
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I j_A (J^L«JJ . Sj-jLs Cjli (jj^ Cr^' ^-^J '^dJJLJ^^W '-"' ' "J^ (1>^J ^ IflUj 

Cj^LaLuJ ^Jl>.! lLsju /qj 1!i! ' t-i-ilaj I 4jtLaLLa (j-° ftxLJj^Ji ur^-J-r U ' "' ' "**''' 

La -Sj^>-J (jj- 5 u ? U i 1, 1 i_oj^5jJI (^ Lhh!-'" lilliA (ji !j-> I jl jl i4jjjj_UaJ! 

. JjjL-uJI f. 5 La * 1 1 ' d ' ta j 1 ! Sji^jlII ^—11 j-ulu 

:*LUVl jl^Ij BAOBAB £-aLj_i <jru j!^>J JliU ^ U^j 

I978j ^,„ _o 25 -.J^jJI j^jL tu^okJI 

.aLjI "AjljjI j_Lo ^.i ulL .ill Jiol (j-aJj-U '.(jl <"■ ofl'q '.jlxLjjJ! 

(J^i-jJI jiJjL ,j-a ^Lui^/I) 

26j 3_ujJlII ■ ' * jtl (jjs (jjl •' . i^xtaJI 

LaLc 26 (jiajjj.1 J-«-C 

4-UjJlJ! J1I4J! (jiajjj.1 3 jnn-v 

(sLLula ,_psljjsl JLjIo.1 bJ £ J->_P 0' U^^i 4j,ttt'<-+tl\) 



julC jls i . mjUH (jV i MjUtl Baobab *-LaL2j) ^(jiijjJi,! u ,<'<y :^_oLJjjJ! 

"PLANS" bhill 
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£yA «L-il 2M - (( jLLaJLIl » ^jjl_Lu_uj (( p * La U o ajjl_Lu_u ^-Jl pjj>.jJ1 pUj jLLaJLlLi 
(j-* ^ t 1 ^ S i Cj Lu_u LlL 1 3*_ujj>. /jiaJu Cj LAojj llllu >_iflaJ «u Lsej-m 1 TcjJa 1 9J 1 
. ^_jj L_Lu_ulI (j^-2-U aj g n 1, 1 <Ji*1-} \-£aju3 £>^-4f V 3jj^?E_a 4_j_u -i^>*J J-aloJll 

•.^LUI JlfHI >Lia ii 

«... JojLlQJI (JjJ-i J LgaJE-LJ «L>.^3j . . . aLuJJ fQJtjl i_£jLl& 1 i I n~w 

j2 «4_ljJj^>. 4_lUj<J» j-&L>- jjjI mi ii i-lJLu* (jj^-J (jl J-aixJU j^tc ,j-a 
I h&» 3-aLc dU->. Ji^-JJ jl ljL>- Jji1>>JII (jja (j^-!j 1 I J^>- I-SjJlx-o jj^J liUi 
j«j(J! (j-a <_p=>3 Cr^ Jj i^-kJI 4_ul£Lol (j-Ij J J i" ' ~ (jl <j^-«f cH^'j '«(jm £-«-><-> 
. 4Jjiijl" j<iJ3j ifljjLA ^1 4j>-L>JI ^LlJLij iaLlLjj 



(jja I^JLc LiLu/ Jijlj-j^. JJLs. JJSj . I iili ii JJLx^ i_3JL& jjjnT't (J-«-«JI 3j-^° 

-i j '■»!■ ' a? j i ■■ a-i J *C ui j 3_ljIjjJI '"'I j'^~- uJI i-djl i .I joSL>J (_yll! JlcI^jU! 

J) 1 * **m La_i£ 4_t-£sL>.j Afl £a\ I I JL^J (^jj>.t CjLaJLa-" i ul ( _p3j-»_ij -n gjl Qj < -^"j 

.J UiC £-jlj-JI J Ir^llill (^yfl gLjj U l"l t Li 

d J **' rt J ~ c (J a >■ J Cj1jL_i£. fQ^-dJ /^ Llalai a Jl?-**( i n \ > i ii ill ^jsc-i^ 

U^ i ii ! j 1 Jj Cjj_jj|j I rr ir^ij ,j_a j>j^i-l_t,l (^LlII (JL\I.I ^1 jkiiU . IjtU i ii 

.PAM: (Plan Applier Mechanism) (8) <L«Uj_l1 

.4jijL>. i^jLo OJL^ 

. (j< I mho (_}_>J^ JjLuJ L*JU CjJLo 

JUJLso (_5-3 JJ-5 (j-o l_4j(ij La jJlSj VI 3_uL\II 2 I <i -r II ( _ ;r l«-o (_gl i-lILuk (j njl 

4jL iiULi jJ^. jl^j .^yljVl 3JLu>J! (j-a 4j>-L1lLj/! (J^-«j ^;JJ! J-«j«JI 3-Li. 

^^1 ;U,^VI «^jjl (Ji-JLa JjLHl Lajj vZjJuaii t_j 4_uLlI! 4l*jJ! cJjUHui! jl 

. Ijl^. « YAA, di! j I jul» 

PAM j-oLijj L^JjLu 2,^a ^ Laj^j 
jl (_L=»JLl l_o.L^5 j_al i^La^i (J^-^J Lj/Jj^a JjLu . Jjil ^1 j^>- r~Lo-l 

.(j^j>. (Ja-jJ .Sjjii!! JjJ.! i_o-L^5 ^lUr I . JjJiiJI 4jjLu 
(^Jj Laj^j 2 uaJLJl JL* J^v Uluil ^^Ic- "^tH*^ O' PAM ^aLJjj pi ta!i mlj 
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^LWUI .ISiJI 



i /JuuJ.\ Ji Jj^jJi 



till ouUi 




BAOBAB jvu^u js^U) ^i J*_Ji 2 - 8 j£i 
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SLt-u J i ii a (J^>* J^>*\ IliLL '• (AjLa-"i [ nU 



S(j^j>J jj2JJI JjJ.! t_o-L^s Ur I iJLt iajViuiU 

S(j^>. i_3j_i^ij! ! jLt '.AjLa-'i i ii U 
«-«JiJ i_i_L^» d U ^e_i *G-3jjla jj_a 3JL>JI tfjut (^ PAM CjljjJs j^Ljj 

. 3-8 fJS Ml ^—3 ?c_u3^_a 




PAM ^.u^i J J^p si^ 3 - 8 j£a 

(j-Lc jU , uj ^^ La- 1 i ii a (jjS-J (jl «jJ.I r-LbtJJ . I i <-i_)l dJjiaJI «(_L»-a» SJjJLa 
.O^Lcl Jj^l Jlj I nil (jlr 4jL>.'^lj (j-aj I ilU (_L«J>. J I llflj Lxjs idJLu jl (J^=-a 
( _ ? jJ!j «(_Lx-a (.^i^- jU i ntl» jjjl mi ii lJ ic (jjjji.^1 (j-dljjjj! 3->L>-i JUjIUjj 



9$ 



^LWUI .ISiJI 



. {j\£^ij i ii U ' 1 1 Li ' ga se -"-J (j-\_3jL_uJl '"« Li ' gaje ■"■ ""« Lj ' ga.sc mil (j_a clA^j- 1 t< ' ***" 

(jjJi_JJ»J flJa-ulJl I (ja_a_lL<LlL9 tX-Sljjjl (j_a -SJ^*-s p j * rt (Ji cHiLflj L*3J J ' ■• ^"j 

t4-j3eJa-mJI a c_t_o^HJI 4-Iai inn ^IiL<i_<jl 0JLA j-Lalijj . 1 Jl£LAj . . .^!il_i I a J I Lgaj 



Limitations of Scripts £j jtmJI d jii j£** 

43jj<-a (j_a slj-^J-l J^-" (jr^ !(}'<* J-^- -^ CjLtjjjl m i .itl jnil (jV 'j-^J 
JJ-C <j1_> 4^j" ui a 3_L3jj(-a _}lj_a jl CjLJLaX. .sIJlC.1 ' ■ ■' i^aJI (j-a 4JLs 2 J La 1 J 
l jr jaj-frl\ «I_LlJI (j-a Lc^j CjL&ajjl Lj . .ill oJ-^J (j£j (aJ I jl CjL&ajjl Lj i .ill (j-a 
J J J i . i (_y^- «imnll» J-jjl Lj . n'q -OjliiJ Lt (j- 5 ' I irOi^i^e3 L^ia JS (JS-aj li^o. 
^ J£Vl» ^jjLLlj-u ^-3 dljZ-ZZ (^iJlj «f.Lt2aJI 4js.j» Isjj*. (^ojeJ JLitl 
*> ■» U t, I lJ £ ((x^jjl (ja-ljJI (_^l3j» jjjI ij i a ,<s-a-«-l (jl i . itir^itl (j-a (jSLJj i« Jj-UI 
(ja_jj-J1 ^j a Qj » ^Lc uiia_a (_]| aJ^UI (j_a J-^' c2aJc Ja ^^till ^Lrejj-ilu (jV 
r-lj^>- ^-jjl i j i .i bjr £ Jj_j (jl (j-SLaj (_£ jJlj d 1_i . .i II 3_aJ_>JI (. . j . in ««_3jJI 

(9) ^ljLj^JI 

cLjJLlII d Ir^lSH lLLLJu J^>-j|J (J r-l Sj j 

( _ ;r iJLi ^j^jj di!i» '.^ (JLJa (JjjjiLuI t_^aaJ di! j ,j^ jSLiI/l O-c^ LaJU^. ^jj 

^J |j_^j_aj (jl i-kJa lj « j lojj ■■■_' aJj -lSLjj_a!_i C^aJI dilj (^3 3j^jII (^jt 
(_^ 5-^j" i"iU d U ? 1 1 1 ^^La ijjt LL* 7-jijJaJ.I JljjjJIj .((CjJjI La^ (_gjJL^u 
^J J ' aa >i J I aJl^,J L_3aJL_a J-;tC *(j-*-" ' ' ' *3 Q d I . .i" L^_lt jJljj S(j\^£all (JJJLA 
3_aL«JI JoLflJjl JLJJ^>«J 3K Mil Luj^jso L^t^la (jJLlII «j^>JI JjLuJJ ,«4jic 

. 4-dJHsfcjq Cj LAojj 1 Lj i .i (_3 

Memory Organization Packets (Mops) 

d j I or -jjjI ij . .ill (jl_Ju LgJLJu -Mops 3j^l jJI ^ j k i" CjLcj^j*ji (j£Laj 
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' - J ^ ** ' 'J " J J ' " " ** ' JU U o nil ^Jj 4J3jjlU (J-° 4JLi-£lj2_La *1jj>.t <■"< < <M* 

(^1 3j_£! jJ! j<s-J-la-u CjLcjjaJca i_3JL^jj . L^ia (jj£u 1j j1\ d ii I" -»J. I 43jj<i,l 
^j^SLj ^jt i(3^>> is c L)9 * cj' 4_i£,jJL£ «LaL«Jl 4_uL_uj 2l ^j^ajl ' a^Jl (JjlLa-i 
-2_aL«JI t j J aIil i^i-»J1 oJLA JJLa j i ,iii"j .CjLcjLlt.1 (j-a IjjLfl ?-j|j_>JI ji i ! JLlkjj/ 
. Lt£ql ( n c_t_jJL_ut £jja 'j-J^S -JUj^tHJI (j-* '.! ' ' lM 4_jJLC «L>.j_} (j~^ 
: La-& (J\1jlJu3 (j-u*_a|jj_> lJ £ 2_3jjt_t,| (J-ujil! Mop stSjjJa 0-aJliti<-u! JL3J 

jlj_aVl x_a!jjJ JjulI! <j-a jjls ^jXc <^ t3^><J (^-11 <-3J-&j lS^-II Bops 
iillkx tulj^a JUj (l3) Cyrus ^LiUt ^Li>J!j . JM-LJ! cjVU. Js, jr^lil! 

.(jjiJLfl (jjj^j-uj/ ( _ ; ^Ljj_a2! ( _ ;r jj/LayLijJI 3l_o- (j-a 

I j * ' dj /^J> 4_j_U3j-iJl «L^_t-£5 jL»Io* * Cyrus ^j^^j-jL-u ^_aujj ^oi^ jlsj 
J^jv Bartlett o_<_Ljjl_> ^j-i^iJ! 4-^.j o-^J o" " ' ^ «L*ic- (j- JJLc - 
* . ^ ^. *" a . £■!_>. j**< . .. VI a . 1 a a >i 1 1 ' "*■ iL^g , _^ 4JLqj gaj * I ^LLul 3.}lc! .">! iSLu lS-tjq 
.">\1 j. ^.A*-.t1 *_Laj>. <- 1 la£ I ^—ll UyLaxcaJ 4_il ^-5 I JL^l^-auj-j ^Lu 4JjL*_a 4_ua_&t 

cjljUr (^ d i o i Wt a L#Jl JuSlaJ (j^JI djl?<ll cjLjiajiil ,3j-«-«J! (J^ti^tll! ^Ij 

.CjLJLsjlI! DlX^I 2 j i nalll (j .i i nVI (j_a (jJj^Lla Q^SLJ V LaJ_t£. pL>.j" i nVI 

: 2 li I" -e-a ^J-^ 3 ii^tj (^ 7 o p I j ft t (j^' iiljL>-VI -i la uj 
hierarchically Lj-aj-* - 

SjJL^tA (j.ajl i^i-»J (_£>»-! CjLS^Lcj «QlajJ!j tl jjj i .ill CjLJS^LkJLj - 

.(jjijL^AJI (ji-j cjI^^LkJI 2U , u |jj - 
aIjju! (jJI I960 -I950 2 J ?^ (J ^2_J^1 S^>.j^J! ^-aljj^L^Ji ^.j^. j^jj 
JjLijj J-t^sl^LlI 3|j! (j-* 2_iJj| ^| 2 ? j ?->. jLicV! ^ JL».G joJj O-i^J 

g- ^ I U (_j-fl-b :4_JV! «L«j>.jIiI! 4jJL«Ji, (jL^Ljjj (jLa^la dJLl^ j^^f" l- ' 
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1> £U e r*±^ JSJ ^1 Sj^i ^| JjVl oL^VI ^ ^1 J^y JjVl 

.,£^3*2(1 4jlU1 ^—1! L^Jjojo fdljj i^jjj^-oLaJI jj-a JL>>Jj 4jJYj CjLaol*-4_i LAj-jjju 
(^-Lc lj-J-5-^ J-a-lKJ V (.^JLiJI g <j 'Uj • 4_j_L_5_r>o JLcljJS 4 U i nl^j 

I i j' a (jJLlILjj i3JL«->JI (n j it Lai N J ■'•'<" j"^' ^LxLaj aJV'i.hJ 4_cSLIj t_^!jHJ! 
«LcjjiJ*-aj j *C I j j dJjjjj Ajitl<j/I JLSj i^r-iilt ^VjJ! ^j" se 1 1t (jj-o-^-l 

.ja^JLtC^ r JLaJ SjLc (^Jj L«-l3 (jIsjjLuj/J '(jJLill £-4^' liliLi 
Ja_ilj_lll (JjIL^jj jjj! Lj i nil CjLjLCal jjja ^L£ SAM ^_oLij_i j oTn ill JLSj 
iCiLij SjLC ^ 3JL>.JlLI J-*^!l (jJL" ^1 Jj^sjlJI Ja-I <j-a SULsJfcU (Jlj^-iUI 
:4J^I 5Uj*.j^JI ^ IHEJxjs jL*jI I ji^Ij ^iLuLu-u^lj ^Lu^jjJI ifl'tUI CjI JdLj 
JpoJ (_j S U I a i o <nj ^1 LjJj-a j J i roll 4JLI ^^3 4ii. jj.1 4l«->JI (J^L""-^ - I 

^j£2JI J^lj^JI 
LiK 4jj_j;L4J CiK j i"i La JlJ-"i i .1 a ii_3JL^JI 4AJ (^ r-j_>Jtl j ir-iitl J-Jjj -2 

.^ii-ljJI Jn<"tl ^yfl aJJ-ti* !jL«jj CjI j 4-«J£ C-g-vlj 
^JLie^uj (^jJI £-$iU Ijufc j! Ji^Mii iLuk (^JLlJI J4iLI <_ylc j^j-Li-uj 
4AJ>-jiL! £-alj_JI (jJi (j 2 J Jl£. <il U"n i5Ji. jJ.1 4ii!l q£. SlS'u.ia 5_lL»-I J 4JLl 
Li- 6 ('"(j) O di^*-*-" ? d ' a ' ■ ' ' k" J '-"-'Th 1 '^J*.!. 1 "^ CjLiill (j-a (jJJ^. jrJJ 

.cjLuLS (^ cjLiill alut JjLuj ti^p- (j cjLii! £lx!jjJ! 
A car hit a :4_iJl j mVI ^1\ 4-JLJI 5uj_JL>o'^l 3JUjJI 5_<u*.jj ^\ jJaJl 

tree friday evening. 
2La.ilj!! 4j^LUI 4^Lu^V' 3-iKJI ^1 J^jlJ! ^ La a.nnjJl 3KAU 

•.(_yA 2luI_u^V' c^a v^jVU^-VIj « hit » 5i«£LI 
aj Unit 2L_UJtl 4LijJI (JcLa SjLc (agent) (_p=j^>J.I oj^j LajLLc :peger 
j-_j_jJuJ sL^-Usl^ajl 4_uJI -i^>«J /*-a ^j^jaj-ajt-a £/— J mi /yl^ 5a2Jl aJl^-**i i u i 4_i|j 
. LusjT (_p=j^>J,l (JjSj -j! JaV I jlgJa i4l,L«js 
«L>*l^a_i ^^ S. ! 5^_oJ1 ^j^ * 1 «u Lo* LliIS »^. 1 iitl (1)9^-1 tl)^i J J ' *~* ^" i-LILlAj 

. 4_u Q] I «LL3_>J I 4_^jn-j3 tJL9^ )i m^ • (^paj-^J. I j-jj G 
Juan Le Pego A Maria i^uL^I ^\ John hit Mary 
j_Juj V iSljl aI jj-"i 1 ..I «Jsjjjj . Lil 1 nil (_p3j_>J,l (JjSLj (jl J 1 a aj golpear 
^yLc ^5^ ^^J^ Xi »3ljal 4-1 J 1 r-.Ti (_gJJI ^^yJoJI jjjLj jj-iij L«_Lu 1 LgllLs. 
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:4_jjLUI «U_<a_>Jl 4_*jj>.jj O^-J - '^ a *f(j '.<i)l 4jt_j_Ja 
•.(jJLlI^ S-uLu-u^l (jJI John hit the nail with a hammer 
Juan golpeo el clavo con un matrillo. 
^lHjj ^JjlAII (jt («-^j t^sj^>%X\ » uL>. (j-° 4_u ^t -A^^J c^j"'" i -chocar 

'•(^-A 4l«->J! 4aj>-jjj 4jjj/I_lU 4 nKtl ijJt chocar q\ tc-UsIjJ! (Jjoj 
El viernes al Anochecer un Auto choco contra un Arbol. 
i a-LojJI ^ g j^ ia_il (jJL^iJV! JjtAil jj^jJI 4SLui 4-8 jSLi <1£jj$ 
I juk JLkLj PROPEL. 2LJVjlII 2LJjSU JajjjJ.1 ^j£AJ! J^ljiU u SU;tl 

^ 3b! u^» ^ J ^" PROPEL < = = >^J*j^X\ 
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^UKjujUI pISSJI 




hit tfjMf J^ 1 ^r-^i VV-V 1 ^"M 1 j^ ^j 5 ^ 1 V> J=^ c 1 -^^^ 1 4-8 jSLa 
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Cj I a K 1 1 j <_Sj|_)_>JI (j-a £-jLTu i_gl '(^^ La£ • (l (J- u djW 
^JlJ i ii U x-aujj » _ ' ' " * (j-J 4jL>J1 0JL& ^-JS (3^^J 

-1 j'a (j Ir JLC.I imj La J-jLXUI I jlA ^ Jl^-jj V 4jV 
(Jjj i. 1 1 »L>J1 (jSLaj La JLa-jJ 2 4JI sLi^sLi. i4la->J! 
(j^a J_Ua-sV! J^iLaJLllj .JjiAJ! J^La (^k. <_SjjOJI 
LL.t-L.iJ3 JLJI ^ j La seJ (_g jJlj itf JLA jJaJLlI 2^-vj 

t. 1 itvjLj : ^JJtAJ I 

^J^JJ '-J^LiJI 

(jjtjjLi : j 1 ^ n U 
er^La '.(j-aj-!! 

( _ ;r ic Jj-J (jr^JI CjLaal«J,l iLajLill i>JLA J a i"i"j 
^jA-4-i La_a j-. l7 l S .JI J a *" j J td I a -»Jl ^-—Lt-a 
4j-"i m , „_t (jl (j^l lS*^ 6^ L5 JJ'j "^1 J^CL",Vt 
«LLa_>J1 (J_jTl4-1 7t_u-3J tfl lAxIal Li I J . «LLa_>Jl 0JIA ^yA 
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ijAUaaSUI .ISiJI 


(jL-UjI 


: t yl\ 


^»3J) ••J^ l ^ ]l 


4-LjJ-a ^JJjIJ Jj-La 


v 1 ^ 


s -.jjbuai 


3-yJLa 


:^J! 


i j •! i ) Li ". i i L<a.d * 1 


\ , ,, \ y A A ^ i s^\ c- 


:i_S.}lj_a 





(_£.}J-J (jl 4— ^>.l "1 m t ,i 2(1 Cj L u -q- t J 1 (^A- 4 - 1 tj' 4j3j-*-U (J-u_aHj JLp* ;y_auj-J (_£2 

. £lxLJj_JI (^ L&JJ-i 
^J dJJj^S-3 t«u£ /qjulLI 3jL>.1j «l^t_aj»j 4JLJ p j i Ltaj ^-JS Jl>-1 7t^e-u *sJ Laij 
>L£jJI ^_alj_j ^^ 3-3jjl1I J- i i L a T j ( _ ;T J>.J>a-«-l JSL<I/ p j o i rVl ,j-a JLs.1 (jS-alu 

jVai^VI ^L, Ja j^t JlSLil j_u»£ Ulu .4i*JI 4JVa^,VI ^LU*]! 

3 j &m 43jjtJ.! :3ijjtJi,! (j_a (^c_jj ,j-\_i ^j'Cji ,i^l£ w -^ i ..la j^Laj tiJLLaj 
*L£jJI (^ lLL! j JjLSjj knowing how 2 j ,i j*C II 3_3jjtilj knowing "what" 
5L3jjlIIj declarative knowledge 4J_L«_U 3_3jjl1I (ji_i jy-^-" (^-cLcJa-usVI 
3 I gin LgjLi 5-lLlU IsjjII _>lj_a jb-ajj procedural <> knowledge 4-ulj^.VI 
Ifl nt_t (jSLIj • L$-a I jiti<-u 1 djiij'sil L>-j-«i i.l LajJ V L^j I L«£ JjJjGJIj 3«IjJLJI 
S^jjlII Lo! . I j j , ,i ') M-JaJa LSj ■ ..lk"j 2L3jj1I <j_a P3JJI I JLA 4jJLla (jl 
3-3jj<i,l jlj-a OJ^J •tr'-i <t3j-«Ji,l i_j^_j£.j Cjlj-tx-a <j-uSLc Lgl^ sLuljja-VI 
^jl ^j > 1 " JL9j .^—auj-jdl Lfcj^uLdJJ I &U£ J-aJU /^-II CjLJLj_JI «bLLa_l «L(JjtJJ 
oLiJJI Jj-Uo ^-3 5_Ljlj^>.Vb SiLtil 43jjII (j^JjLalJI u\z. Vila Lblj 
jjslj-JI t^TUj (SLLLlJLI 4^jj(II Jlaj (^lll) 4jaiUI JLcljill (>u diljij i3-L«-ulaJI 
(j^ijJ data structure i^jLJLaJI JSLut (jl La£j . JlcIj^JI ojut j • La3j j ...^" (^1 
jlj_lj 2 J-Aj iS-bj < a I t jJUaj iSj-" 1 (J-"-^ «- r jl3SU) (jLa 1 L^jli <t3jjtl.l jjt 
A^aJlj Ssljill ^Ir SjjJiJI «_a jLalb (j^>- «J 3-3j-«ll 
^iila^ 3j-^ Sjjlj 4_lL>J,I <13jj<i,l J^Lut 5j^j 1 .iii'itl Cjte.ljLa.VI * JLJ-" 1 uJJ 
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:2-Jlj]l 5jijjV| JjjJaJ! >A3.L £-<_! <lij| SjL^Lal! aljLseiuil <j£Uj 
CjLuI ^yA 3jSUil 3-2jj_kJLa (jjl i^ 5jcj^s <Jul_jfil ^fc t_SJl$JI (jl£ lil -2 

. LoL^ Qi^j M lpI ' LoL£ r J L^j^-'^ I o^ 1^1 "3 
. LjK ojS^ u j I <> JaVl yk j^.!^ oM < Lp 1 * £ ^ '^ " 4 

(JlLa i Lila^. (jja joJUJI (JjLis- J_y- 43jjtl,l (j-o MjL* LijijJe-a LujJ ol 

(_yi J-Jj-J o-*-^ 'j 1 -" ••vj-^j-^ ^-J l)t!^" "J «^-sLJl_a-pJI (jja pjj t_i^l£LII)) 
(jlj tLfrSLg-i u? ,j_a tLui/^/l (j^sl^i- i_i-i^3j » jU*. , ,.\ jjf ^r- 1 ;U ,^VI s l£jJI 

CjIjL»-VI i rrir^jJ LSjJa lJ -?° tj' L - k iP ^*^ • >Lui/2l aJJt I rrjiii-Vil LSjJa J->>J 

UU. ^ _»^j l5jL° uj*- J^»J «>"jlj ct^ ' ^J'J? £>j j ^'".!> <_kL3» <_P-° 



tSjLajLXl ' ^aljtl j*^ 4^Ja j-lajLUI /j-1^. L^jjJloj (JjILalUl 4j2jjJa 3oj2 (JjjLojj 
(jl d 5 j 5 3* (j-^ J-^*- 1 (J^ t»M mi^/1 (^_i lLuIjIUI (J_LLa_i /^Lc u^aJI L^JjjJLij 
^L5_a 4-j^. jJ_aj->J I CjLa^Lti! ljr a£ : La « ( _ ;r jl/ <_yfl Q^J~< '"'" |^*al*V» U^'jU 
La_AjLiH£.u ((^--al i ii U j-j->JI j^?ej>.»j ' « < laj * t ea 1 1 j-jj>J1 j^?ej>.» Jj-a-J (jl c_t^t_i 
I o fl Lu JojJJ 2 (j-Tiii 1" t- a (j\j->La£ (j-ujJj i«j_<->JI jjcjs-)) (j-a (j-u^sLi. (j< K i"i 
L-d-d-Se-j J-i ■ la 5 9 (J-jjLa-lJl 7-a_Usj 4_uLtJ1 4_j_t-a L>J 1 aJJt ^j i uaj 2ij . »^, mi 
(^jJI 43jj(II ^Ijjs J-l^uj <j-a ,j£-aj Lgj^ i_uj/L>JI ej£\ j j^Ic s-S-^' Li^aj) 
.d lii^iriia (Ji-lj_a ^^3 l^lj-r i ,~> ,j-a VjLl 3jL»-!j Sj_a 4$j"i i"i a ,_^l^i. L^J 

Cj l_L. L a- < J I jj_a i. i < ir^il Lajlj ljr Jt ^^jJIj i4_lS1j ii" i »VI CjI j I nttl 4j^)L». 

lj^>- aJLir" i ii" Lg_il ^^ CjI j i'i-iLjjJIj ' L$J Lj ' a ^ 3 " ' ^ (l^ ' fii'^eJ (j^J'j 
(jSLaj V CjLlUsLjjJI ^yflji . 51aL^ CjLaaJjLA "LljLC. ^ jlj-2J! JUcjI (jJI jU.'^'i 
L^iLaJiia ^Ir JV J" i nVI (jl-J'j^ jj.'^~'.' ^JJ*1 J-i^3jlII (&1j r«-I La aISL>.| J_>J^ 
i I uj3 i * a i v^i" ^ it . , ."i I I 1 1 4_La 4_ul LJjLo» *^ . T^-\ < ^ < [_a I \_ljS I q ' ' I i4_u fl^i 1 
d 1 j ^ t rt Lu j JLu I j *^ la 4j3 J_i Ljlje-L^a Cull ^jt Lu SL qj 2( ^-jLu ^—II J-t-^ajJJ 
4-g.l j ii^i p i ii ii II lj_A ^^JJ (_paj < i i iij .«5JailLX)) L^JLl l^iiii^i l La IjJJ^J Jj 
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First Order Logic 






(JJJJI ^jj'^tl J La ' 1 1 aLLiJ J.^Atl | jut JjLSj 
tjLSj .^Jj^la (j^O"^ (jrtji^LivJl fl d a i '-N all 4_i aIaI 
(jlalXI I JLA aIjlxjjj/I 7-JJ^I (j-o Jjl J-fl> ^jlSLa (jja- 

t-jl ,,!->■ Vjt < nir-iM.ij . 1958 j»Lc <LaJL3 ti^tJ ^ 

iSjllIo 3|jI ojl_ux.Li propositional calculus LI l^SJI 
J^l ... U S_lJLc ^£. j^jOJ! (^i^ j- 5 ^ j^ 4jT VI 

i predicate calculus Jj_*jJ,I c-jl ... -<. ^J ojlji^aV 

.3j_o»^| 2^jj ,^tl 2 A t _■ . -~. T 1 ^a 2 tj j , .., I j;<~ 

Propositional calculus LjLtfUt yLft 

,j_o (j\ " rj <i -r <u LjLiiaJLJI <— _>l i .. ->■ JjUaJLj 
(dSijo (jyill S-^'j-^' uulj^ Sx.j^^a L«-fl> nj^-J'j-SJI 

.3 ;UI ^ LgJLc j-uu <jl (jSUj <_p]| S^laVI JSLi 

till .sLal (j-a SjjJL>- CjI^LsI 3 1 SxiSil (o£L>o (jjJI liJJjj 
2 j . a a ^ g i n ") 2_jJj_iLS SjLal JSLI <ji-«i9 • 3_4Jji^ 
Jjju^iJI La-A (j^-"-*' LTV (j-° Sjl»-Ij '^^ (proposition 
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v^jLlUsLjjJI joJLc /<u-uLi Boolean values «3_Jjj (<uS» tjlja mj jl JUI u JSLIIj 
.( f 1964-1815) Jjj 2J ^ . Jk^lj 

i«2jt3elil CjLjVoJI (J-ujjj j-A (jL*Jj» : t^j-djj LlJ I Jj-^ ~i j i <-> ri 1 1 ^1 LijJiJ liLa 
0J-A (—3 <L?- j se (<•> ■ la ^Q I o ^ * rt 3jL>.lj ^jt Jlj>o i« l£LpeJu 4_a_t-aLc JUjJ_a»J 

JojI^jJ! Aljiejjj/Li Ijuit" ji£l LjLii3 ^ j_iajtll! (J^Ujj .(a 1984) 31oj*i1!I 
•.(^jVI J*C uJL i_oSj La SjLc (_ylllj Logical con nective Suita-cl! 
& 3 ] «j„ 

v «jT» 

j! «^» 

(^ j I < « (j n i '/t'n » 

ji CjLlUsLjj joJLc jj-ujJ (_£j_cjfc» ji <c?-jjJI (^ jl Sj-LcaiXI lJ \^. Lai i_jjj_>JI » 
3_jjj_uaJI 4iJJ! ajjt ^ inclusive 2 ' -i ■ aS " Li& «jl» (jl , U^V .«4ji_i_lI3 joJLc 

3JLajJI ^ La£ i4_usaoJI LuLo. ^ exclusive 3_j .5 L*j1j-u I Qa£j La LJLc La-Lu 

i_gl ouL^ lil Ljjjj^s 4^^L^s (j_j£3 "M j' '" d j'^^^La .i_ijj->JI ^^c clSjLcoJI 
UJ (.-. j°i I Jl (j-SLJj t( >GSjL^> t^ruJjVI Qa^ 3JL>. ^ jl 3Ja.>Li^> t_j jl I <j-a 

.^jja-Vl 3-*-^ 3-a-L3 ^ jJoii! LJ 3^>.L>. >La tLajfclj^-l 4^ej^) 
lil Lai ii_jjlSLII jl j I - -— Tt ^ t_j j | (Jjl in* Ijl iLSjL^j t-J =1 2j,'^"tlj 

.3_ijL^ A ji^-i"tl QaSij ( 3- Jlj ^ 1 J' '*- <1 t!^ tr^ LalloJ 

(j^SJJ dJJJLSLa tSJajL^s «l» tzuL< lil 4Jl «t_j <=== l» 3 j i^ " II ^-uuj 
iSJajL^ «t_j» oJL£ I jl 3Ja.>Li^> (j>^ « < -r l <=== f» <-s \J-& (j-Lc-j k<i_j» 
(^SLtj i3 MifrjJI (_yk: j^i-Vl t-jLu^l ti^tjj jlsj .3jjL< «l» c^JL< !jl dDj^j 

Ljfjjjl i(_)--i>W Cr^ °"^ lila'-^jJ^L^ Jlla .-IU.-U 4i*j^> ^i^: JJjOjl (jSLaJ 
.(((jjiJjLl (^ Lll i." i i nt jl LjiJj^ (^ Lll Lal» IjiiUia JjLtJ 3-Aj i« Lj»j^3 fjJS 
ljl» ' N ' 1 '" i3_^-jJl_lJLi Lajlj ■» Ltajj V 3-iJoj Mill LLUaill 3^-^° ^-*r^ o! 
^—fljj . «L9_}Lt-£3 ((j-jJaj ^jt L^JiSLaJ j-jjl_L>JI tl)Ls tpK**M ^jt jJ^oj-iJI Ct^l laj i ■■! 

.7TJT ir-i (jj^SLjJIj 3_,jL^ « l» (jL^ I jl LajL^s ojSLj « l» 3ji^^ 

«^» itj-jL^ 2 j II «-aJ 3 ma-^l 2j"U;l I Jajl^jJI 3_<JL~JI 3jjjLUI JOjoj 

:3jjL^ «iiJ))j i3JsjL^5 (j-ij>3 
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jjJgUI 6w>j^JI £hlo 












-=i ?r s 


j<*=1 


v Vl 




^ai 


V T 


^ ^ 


i>° 


l>* 




^ 


o- 3 o^ 


^ ^ 


cJ 


o^ 




oj 


lil (_^= 


li] ^ 


LK> 


0* 




^j 


O^ ^ 


0= <_^= 


L>^ 


L£j 




^ 


^J lil 


Modus 3_LlJj_i (jjjjj^o (j »i in 


_U ^jj-iLSjI 


^ 


U.usti 


■ * L ', <,<,r±- JLq-ulj 9 



jl J_>}L-3 iSLajLLo P C*-JL£j P > Q jl£ lil 4JI J^Sj (^JJIj ponens 

'.^LlII J'C i"itL Ljjjj^s IJLA i—ijSjj . 4J3.sLi^s LUajl Q (ja£j 

(aA(a^b))^ b 

de Morgan ' s «(jL>-jjjs (_g.s iyu\j&» (jljn i nj (jLJa-iLa Liajl ijJLLa (jl Li£ 

.Laws 

~|(aAb) =~ | a v~|b 

~~ I (A V B) = I A A Ib 
•.^Lll^ JVjCLj/V! ^ the reductio ab absurdum rj't igjj ' ^ Jrh^'j 

(A > B) = (~|B >~l A) 

L-LSLaj 4J1L3 i(_i-l ^ijLljI l_Laj_a (jL£ I jl 3_2jjiaJI ojuk 3-.'^~ O^iS 

(«_!» (jj£j L>' JJ^ tiiljjjicj liLajLua <(l» jL ^j-ill (jia^LLj I JL&j i3->jl£ 

Predicate Calculus: J$e^l yU» 

jo_^3 3j_l1£ J-«^- (j-C j jjtlll (_y3 LI i^iiill <— _i 1 i .!->■ ^IjLitljj/! Lu£_aj 2 
j-£jj jl Jjj LoJlI^. }ll*3 iLUajl (_£>>•' LfcpW^J <-k 'w** I tla-LoVI «l£jjl 
4JSJ_| (j1-«-J (jl (.^-Lc <j-£)-^ Ui^- 1 O' S- 4 ^ i(oJL«JI (_ya «Lui^! (j£, (JjLis. 

j-£jj jfj i (instantiation .> A j.,^tl 5JL^a) Igjlj jj iVt <_,lll L$3l J «LuiVl 

. i U ^ a 1 j ' rt 1 <>.« i a ( 1 ^ ^* i «Lc^_aj?e_a ^—11 (—aHJj <j-a (Jj jLt^aJij LiS 1 !il La 
dJJjj ilLL! j_i-LjLUa_2JI <— _i 1 i .1 aJ jl jG_a! j_&j-Jj_a->J, I t_il i ..->■ LJ tt a i uJj 
jj mil : t jLg,^J jj mtlj .quantifier jj mtlj predicate JjjuJ. I ^jiLa *ljii=i<-uL 
La jo_a1j existential quantifier ^ja^j-jJI jj_<JIj universal quantifier (^-LSLII 
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.variable j_Jul I 3j£LiI 4xjjl2j jjfc LjLUaJi]! i_il , n->. ^c Jj-ajJ,! <_ _il i ..->■ j-1^-1 
Jo. I (jlajLjj iargument ji£l jl Jo. 4J function J! j jl »_iLj j-& JjaoJUj 

'.(jJLJI 4o-jJ! ^Jx. (i_J£) Jj^toJU i^jjlj liiljjj . jjiMl fui 

Cjljji"i<ilt SjJ-lLsoV! SjJoejVI (jja 3j_o-^(l i_SjjoJI a! jieljj/! J-pi! <j^J 
ji (jr jjj_> JiLa («Ls_<j/V!) 4jj_ajJ! CjL3jjJi,l ji (^J^l <_Sj|joJ! ^IjLitjjj/lj 
:JiLa ^LilS -JJoej J I 4J3^Lc i-Sj-tJ (ji J j n x n It jjSLajj .duljfo JjjJ-a 

0-3 '£_ 'O") Cr^ 

.«i_a ^Jl ^^laAj (j^)) I j_A ^yiaj j! <l£-*?J 

if_JJ (_gl ,j_a 'La-iS flo-jl (jr^- J->La J-^J iJj-ooJU Sj£Li! (4JAJIJ xjbJtj 

:«_iLlIL3 .4jJJlC jl i4jJ_oj jl '^J_JJ 

. LJLLajJ = «(jjj» (JjSj LaJJx. « Laj|j» A fljrill jo-jj 
iilLIj (_,-Lc Jj J 2 1 1 jn<l 3Lc!j_a-l (j^J 't^^'J Jj-"-^' J- - 5 o^fJ 
l_4K '.^LlII l_i-U_pJLl « 4 a i s> Lc )) J-jLjJI x_a 3. «i_(K» Jj-aoJU Lc*-a.S I jl ^iilai 

Jj.4jJ.Ij j-jLJ! <_ajp l;,,!<r Ijl Lai . LiiK (jl£ Ujj ^JJtj '((jJ-^) s-^ 

i(t_! jLC) 4 fl Ir^lLc Jjt d Q J J 53 jljJ.1 JjLlII QiSLl3 l(«(JJJ» C_lK) d fl Ir^lLc . 7T J rr^llj 

. sll (-;r lta V JIJjj/ 4J| 7r i>iljjl ,jjs (_gjjlj «Si_oL^ 2 a ir^iLc ^^ La» ( _ ;r ULXJ 

Quantifiers jf$ri« I 

jjjjlj ,« «_<_a->J» (^yltjj '(jJSL!' jj-^' :jIjjji2?I (j^s (jLcjj ijJLLa 

• « J^-Jd" cj-^J uJ- 5 ^^^' 

•.^LlIL^ LiSlaJLa I j *«* j-^ «(jl_j,o> t—A£ J^» : JL\a 
. ((^) Ol^ ^= (^) uJS) (^ V ) 

•((t'^) ^ue A (£_) a^ij^ < (^) jjj) (gn) (^ v) 



104 



^gUI 6w>j^JI £hlo 



(g-) 4jv!jj tdlia i^) jJj jl£ <>a JSL1 (jl 2uiliJI S-jLaV! j^Ujj 



Rules of inference J2dMl2t Mljrf 

Lj-ALlSj-C jj-ijJUl j-Lua_s (jjjj_}a_a (—lojLs aI JLa-**i i nLi *(J-^ (j~° Sjlajv^-a Cj1_}lJ3| 

•.CLuLij JJ I II U J_JuJ.I J^L»J (ji^- j_gj La M (_gJ-J! ( _ ;r KJ! (jr-IJ lr~>T-~illj JJjjj/ I <J^ 

iJ-((o") <i) <_>" V 
j^^C Q^JJ ' a rt OdJ J .' *"* iSjL-uJ d - 1*~ J tK^JIJ i**i i uZ\ » 4- u La- t JI 0JL& /^ a i uja 

jl^ojJI 3_<_a)jl^>. ^J>ii ^3j .unification jl^ojJ! ^ a m" J^L^I (jJ>L3 

theorem 2 jj La ' II v^jLljI vIiLsljI (^ La La IjjjLj Rohinson qj ' " ' j,'ji>l 

.Nilsson (qj "'lj' JLiU (.Lu-" cr^ J-^ 5 - 1 ') -proving 



t4jL.il U"a Jj£ Cj^Lj r-j u J I ! L$L>- i_)jlUa 4-Jl_<-u-a i -9 J *C i"i juJsjj 

(j-Lc (jLco-UDoja » ) J I ti^p* tjl i iij II /--^- (j^-y* ^-A LaS 4_]1 Jl^JI ^—3 4_uj-a 

4_Ll£ (_gl j ii" i n" V sbl (^JLn-aj Sjjs. i_l J 1 1 3_J^ 5x.jjJsj^ r La-Lu t S^> i<-iit,l 

i,j_a-i^l t_xJl_>JI iJr ^ (J\-yi j-A La iJr l\ t_4jjjlUI j^jju jjfc ; ij I U 1 1 j . L^lLc 

SjLcLoj aIjjJVI *_a it_! (_yl^. i J r - (j^L. t_! J iSj i^i ill ijXc Sj ?" i ii a r- lip. 

. ajU->. J£ 3 Jl»-Ij 4Jj£ V! dJjj^o (jSLaj V 4JI JjJJj 



f 





1 


s 


- 






e 



i^ ^^uai ajLJii 1-9 jsl^, 
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t^yJbll _<pej]l u^£. 5Jl molt iLJjVl Sjjj^J! ^£. j^utiil (J^xj 

(?)(3jLLkiii- cr i^ 

(<_i) Sj^. 

•.^LU! ^still (^ic- (t-3J^JI) 4jjL^-cJ! Sjjj^JI oj^-JJ 

Or 1 ' cM- '-c^UJ ju- 1 -^ 

3_JLl!! jlcIj2JI ^aLJj_JI U «jj . Sj^. La 5±£ Jj^j <_^jJI <-s_)jJaJ! jjl>o 
.,_jjjs.i 5±£ ij] L^jIc j ""i 1 H* V 4JLa Sj^. 3Jb£ ojL^ I il (j-iji-aj 

.(1 . t ) jltA (0>k <=(1 .g) -^ A *g) t> " 2 

. (_Ll3 ,j-o Sjjs- jj£j joJ 4lj£ j_jj^»o 4JLi « Jjtjt » Jjti i-Sj-tJ 

.(-.1)^ <-=(£D fct «~i A (g)_p. A (1)^-3 

.(Jjjs.1 3^ 4111$ jlj ""11 .il 4J£. jLj-y (_gJJ! «(<ujSj)) jl «*_uijo» l-ojjjlJ 
(jP-JI JLo-cV! (j-o 21 mini JL*j (ji-JLc!j2J! oJL^j lj^3- a ""5- a '-Lh L " Lr^J 

.j nic, ^liU! J i^iiill lJ J2 LgJ (jlojjtj (jylll 4_p.Lu^U -r J^xj d K i"itl ajjbj 

L_al J_A2l (j-° ^ I I H 1 I " 3 J ^ *** ' fJ-^LJ^Jl (JJ'- ?ej tj' (J""^ **»"**.» -J " ' '■ * M 

j-oLJj-J! JjLt^ <3 ^2j Sjl^LSJ! j^s i(^'o") er^» (_j.II i^jJj 3jlcL9 

' ajL^JI » ■>■_■ dJJ j_lj it_l = p j ilu «,jjj» Vj j~ 1 11 a "JlC.L~JI ojufc jj;^" 

.(I ,Juk) JjVl^^iJ! 

(!)j^- : I ' La 



106 



(^LiiJI ( _ ;r J^j_flJI <_3J_gJ! > Ltaj lLLIJUj ii = «(jjj» Vjm i ..a i2 joJSj 3JlX.L2JI 

:(2 lAa) 

.(f^)jUul 

I IlS Aj i l_2JLx_a 7 r j i a I «(l)j^>.» !j^>. «l» o>S^J (jl Joj_<I/j 'L?-\l^ Cr^"" 

. (jVI LcSLxjj (t_i i I) j-«^j- » 3j^**^ a .' ■ ^ij 

: ! jjjl>- Lu^j-3 Lsjla (j o i <i"_) i_dJ jj i3 joJsj 
(» Oj-^* • 3 ' a A 

• (^ "t 1 ) t*^ 
: Sjjs. (i_i) j^j ( _ 7 SLI Ja^ ifall I /oJSj SjLcLill JJLso 

. ( v . o^ r<= (m ^)c> r (t v )=m>- 

JLloJII 2 joJSj SjLcLill (jj j taj r>j\> liJJJLij i(i_! ^^i^. Sj ri" i .i a I Q^Sj (jl <j^-<u 
£lxLJj_JI (_£ jj (j-u-J . (t_! i l) f-*»-» (jjjLJ! J-«-»JI ''^^t!-" ^-i*^ ''Or 1 ' Juulo 

^3j<1-SJ JjlJCJU (j^Jj) «J-*3.» J (_ , I uSj.l l (J-H-oJI ( _ 3 -& « JjLj!» (jl 5-3j-»-l 4J-L1 n j 
,3KufU Jj*J «(l_l if) J-»3-» (jyJliJI (JjtAJI (jl^ «(^ ll_l) (^1*1 » 

(jl (j£La_i 4_j_Cj_aJ1 l_31 JLA^U ■*■ .tse i all c_t_ujHJl (jl (JlJJJ 1 JLA ?c_u3^jj 
«(l_l .1) (j |{*» ^-Cj-flJI <_SJLgJ! (j>SLj V LiAj .5Jl inqlt ^><-ul M^- u t->»j 

2( La— Llj 4^—jLIjI (^_j_2_>o (3^ JLJ Uj*' 3»^"^**'^ i(< VT i( V ij-^ 1 '* L>^ N Sj i ■■ rt 

(jSLaV t^jljull ^ Ji^lSJ! I JL* (_>ujJ >Ij i JjVl ^Lal (JjL: ^1 (^JtJ! JSLAj 
(jl .4_Lc «^ljJLll *uj ilLIi JUt-l LJl^ji (^jJI «(<_! ll) (j-Lc.)) j j ii m uisj 

(jl 2U^M /, »_a-heuristic reasoning 3_l3jjlI,! 4j»uJI ^ fail! I JJt aIjljeIx^I 
e_i jjl-j J_j_<u-jj»-I i_3Jut j j ii m 3>*^ ^ ia£.^AJI i_al JUtVI JUs-l (jj?-»o 
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^LWUI .ISiJI 

^_oLij_i w k *_'j .(j or I li^c-i <j^J 'J^ l£j"' ' " ° ^'^ Jlcljja tfjui/jj search 
Ijl^. Sju* £jLu Earl Sacerdoti ^^jj^L* JJj V NOAH 3-kiJ! jlJjj 

• g - fl ' 1 1 I J-A Jila ?-Li>o (jylll (J5I i 'ill! ^ j i nilL 
4J1 i nil ^p-a-gLaal i Tu u 2[1 d *J Jail Cjl!i (Jji i nil (jja Jr<-k (j^- Jrh 1 "*"*^ tj^- 4 - 1 ^ 
(j-La ill ^IjLitjjj/Li- Sj j ^ ui II (_£jjLfc r-j-i dK "u jl o^ici Ltl i uiSLj lJ j}\ 
iUaJLcj icUalaLa t_jL«Jl -ij^o 3JLl2j-J! ^ oJLA <jSLJj i^j^l 4j*.jjJI (jji 
oJLA ,j-o J-JjSLi J-J^l 4-ulj?" i nVI sUjjtMl CjI j (jL^uVI I $ (j y 1 j-j (jjJI JjLjJ,! 

J^Liill ijJLA (J!l*3 ijjilJ^li! < , J t— r T 1 (J^cj_ajl J_u_ai3j ja^ dil j JlS-aj it_jL«J 2! 

(_JI ^Jj-a^jJI (jS_4-> ^J i4_tisL>. (j^^-J J^9 (Jj i3 jSLa jjl£- CjljLjj (JjLlJ < 1 1 Iajj 
JL^J i^^JLjjs (_P=J-3 J-^J J-" 'SjLflAja sLlIVjGjj/! CjLlLsjlj aLloJLi V! (Ja. 
i_al mm^V ol J-i^Qll <j-aj_uSLJI «!j^>.J *_a iji^l oLo^LlavZjj^Ijj I gK LlscjjJj 
(j U i t, 1 <_S^lisj (Jj^s-I 3 J 1 ' "j Cj Lc I _i r r^i j-j^Iaj j<u I J^Jj . ! jSL&j . .. »IU-».V1 
x-Usjjs (jl in'i^U 4j^IjJ^I oLLulJ! JjtjtjJa *-^=J (jlSLoV (j-Jj^l 4jvjjJ! (jj: 

J!j_^J Vila {6) Ch>^ c^' ^J sir ^V ^ u-* ^ trjULi^H jjl\^°, 

ljr £ J-X-i (jl ^_al_ij_jJ! (j-Lcj 'Sj-^s- ^Lh-*-*- ^ •— '^^ ">JX.LJ3 ^1 '^■j- 
(_, \c ^j-jlsk-i (jl* iZjIj-JlIU oj^j 'k;~j~ (j^II olj^.^1! CjLojLlU SjlcUs 
l_«-g_uL£ ij& Minker & Gallaire j_SLLi_aj j_JL>- (jiSLJ L<i^ t jl milmVI 
4j>.^j (8)Levesque i'l ...jiijl *lal jlsj idjLJLuJ! jlcIj^ ^ jlaJll Aljiel^l 

CjLayLdl (jl (jlsjUij gLxLJj_l ijl\ \^>.^ja «S i^jLa ^Lbl JJLC ja^» ^i!la Jljj^JI 
,2>-jJJ! -}!j_aVt JJLC c-jl in-fcj SJal in M a^lun i31a^ vZjLJLJI SJlcLLi ^^J! 

,3^^ i ^; U13 . 7-^J 3^ 4Hj!La Cj I i t-n a ilj^G ^iJLul (jl (^ 5j j (j m i T I ^jjLl TJ-S A K ." i a jj-aiejjj (*) 
(j-3 J_jI^_Ia 1 m" ^Hj tLt^l^lA td nl"-g -a aL^>.I CjI j l _ys\j^^\ ^ya «(j)i JJL^ -^^ Cj I i t-n 1, 1 ^JL>.] 
jj-o ^^Ij^Vl i>j_il J-iJ 3-1I ^-Jj 1 U l,lj -Sj^cLUI (jJLc >^^l (jJ| 4_4-iII ^ j-iLuoVl ^j-a f<^*^>JI 
^j-o j-ii^l (J^J j>?^ ^1 cLj I I (j ni jj- 1 ^ ' j * a Jt^l^ pLjj' ^-^ lO^ - ' ^ .' ' ^ a Cr^l '^JL^JI <4 i U i ^i 1, 1 
cQjliJI 4 ! U i ^ 1, 1 ^jl^ t 4_La j t i^ il L y^J^ 3^ O^J^ f-^3i 0' J3^-i ^ ^J'J '5jL>.I^JI SjJLI (^ i_y^J^ 

Aj^j^l ftLjf Nilsson J j.Jn ^ ^ K m . 1 ,1 aJl^J iA^LLa^lILui^ -Sj^j_JaJI jj^. L^aljJtl^l tjSUj 
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declarative 3J_L«_U 2Laj_*_U jlj_a ^ J^.jj V 
I <i i j i il_^aljii=Ijj/l 3_loj^ (jlc Jja Lo knowledge 
procedural 3_<_j!j_^>.^M 3_3j_j_U j!j_a ^j^L^so 
J_j»* <Lse i^ilj oLa^L>_o Cr L.- ( JjL2ll ^-knowledge 

/j-£> «Lj_iL1j1 Lq— Llj it. i < nL>J1 «_alj-j L^-oJl?-" i m1 

Jjiujl)! (jl i_kjjjiiJI I jut (ji^- t-jjjjjj i43li jLxLijjJ! 
(jjs J^p-^II >* procedural repreoentation ^Ijs^^l 
f.jj>J\ \'jJt i _ y ^ I j a i -» ' (_^lll 3 i ii g-»JI pl^j^/l (j j Lj 
J< Mill 3 qjVxIl SjljLoJ! ji^Jj pi i^JJ! cjbSLII (j^i 

t_kjjjLJ t 2 A -' H L ^ ' d ^*j Jail CjulUI <JL^a ^-JS rjjJa^j 

3JL1S jlcIj^ JSLi ^ 3jLla S^LaL ^,^1,1^1 c_^jl! 

J-5L3 ^_al_jj_j A U i .il^j JI£.IjJl!! ijjufc JLflJjJ i^tiil 

(J-iLLaj SjLlkJI cil hK j-jLjj o^ '-^1 ^° Ji>^ u^ r 
SjlcLs jjVin a] I JljSV aI Sj^iill j_uL«J,I (jjs tajui 

J o uuj .^j.j.1 3Jl£.LJ3 ujjjj i«_iLilII I JLA^lr 3j^jJ 

ocano 7r i .1 <u i^JJI w_aLij_J! ^^j^-V! J-iiLaJU! 
III 



^LWUI .ISiJI 

JJaJj (jl <j-SL«j V 5_lLlII 3_ajj>II 3jLa ,jl -U^Mj ^f .U^jtl i^jLUI ojjL 
3jL£ t ,\ U"i" j . LaLaj Lu!jj>-! (jjSLj (jl <j£-«j <j^-J i4jK LlL« £lxLJj_JI (jjSLj 

Cjl j «Lj*_aj-j <Uu a I JlJ>"1 t ul 4_uLc 4>jJj 4_tl*_a «L3jJt_a /^Lc iSjt^- 1 ??- a H>^ 

lOLa^Ldl ^ j_uSLII fj-uJ! (2>c j-lijl1!Li 7r a unt wide oyntax «x_<^La»i_ij£jj 
(—Jl CjL_a^JL*_tl -n la * a J J se 1 (jl (j£. /y-aj-jJLl _}JL>J,I c_t_pjHJl j-^e-i La_Lu 

.^Uj-J! <j_a 4^!j^! *!>>.Vl 
. (I) 4JLUI iU»J! JA^ LiUj ^bjj 

. (J^jjJla (j-ujSLjj-a 2lj cJ P ^rrJ J l> J - u ^' ' ^J) '^'1 f-^-a^* 

'.(jJjVl 4^>-jjJ! <j-a jUill ^ljLa-"i»Li L$J (^JjJLl Jjla^JI OJ^r^ 

VJ ^a <^(((^) (/^l V (^) ^Ij^l) A (^) ^Jua.) (^ A) 

•«LV"> 

-Sjcaj-J! 3JLI *\ dsd±*\ £& (j-ItJ! JSL<iJLi (jjSos 4_j!j^.^! Sjjj^J! Lai 

: (2) MICRO PLANNER: 
(jj-uS i_!jJLa)4j*_uj) 

(jjj *? (jlulj^ul i_3JUt) jl) 

aI LljJLa La (jr-iV i"i (jL^ lil La jjj_2jJ (jli-U Jjluill! aJLJt" i uj (jl (jSLajJ 

(j£Ujj . LLulj^ol (j^iJ LijjLa (jjSLj V (^JJI ^jloJI (jl cuLuV dilj£j t V 

lt _JjJLa ( (l>u » La bj^ (jl ^Lu^ ti-uLiSLJI tfj^j ^lj^.^1 JjlalJI j»jiei<-uJ (jl 
C^t^Jl ! JL9 l(J ±u!j_<J 4J| C^jjI idi! j ^ CJtAJ ! jL9 i|^J-c>- 4J| Vjt O-jjI 

i_ujjjjj JJLaijj i(^SLjj_al 4Jl ojj! i.~. I iSia lilj i(jLtj_J! jjk I j^a idili ^ 
.5-i^L>. 4-L*jfci cuWjCL-uVIj termo jjj^J! 
(JJl>. jL> Jl9j 4(J_u_aIUl (.K i"it 4_uj_u_u1 * )a_L*Jlj Cjlj-La_aJLl (j VI (^pajjLJj 



^_alj_j S*lj_S ,j_a j_l1SLj J fl i .il CjLJLj-jJI jlj^ 3*lj_l3 :S*Ij_UI SJj^ji .1 
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^IjpUl J^OJI 

J15II <j-a aUJI I JjII I JL* 3_uj-&l ~ i ajjj i ^ ' " ' " •^" 1 1 J^-»J 3j^sL>. i_ijjibJ! 

I <;"mLi£ aj-L V tulj-iJLLa Sjlc i^^o (jlJI 3-LusJLa .2b_jjJLlj jL*jV! 

.iu^ilj jL*jVW 3-bll 
^LaLUal <>SL4J Lj^ 1( JjjuLLII ^ J j ■ ■■? 3_LL«1I S-j-^JI .JjJuOJ! 5J^^ i ,, 

*l^jJI ^-aljJ J>^ (^ sLi^Li. d j q i»l I J-gJj -J-"^' 5J_p (j i iU SjUJL>- CjLo^Lla 
. (^ miT «_<j/Ll!l J ir^iiitl j-tiJl) 4£^Lu ,j-a 4 i ,iiii £^oljj_jJ! J JLkj 

t_4jj_S» SJa^LtJLa :5_ijIjj>.^! jj • -— T t ^^a ji£l 2tj ^ , ,. w,2'aj .1 1 j|jj Lob ^yi 

AJ!>U! (j-a J^£l ^JLa-" i ."l 2 I Jaj_«ij S-jJLfllJ! 2Ja^L»£ JjsL«j (ji (jSLxJ «(j-a 
i^jLaj I < U <j-a fj-iJI !J-4 3ji«II jj'^tl l_u-ul_u Vj . 3_JoL-lL-J 31iiiIki ^ 
3_uL_it>JI CiljUVll 4 rijotll =Li-ijJ! ijl\ Jj^sjjJ! i.l U"i_t L^al JLaILj/1 (jV ''^t^- 

:VLiS** Itef *a*rfl ^ «>4I &j»tf JU^l 

OcSj ^^ L^jLal jir" i .iV jLlcl (jjj 4ijJtI.I CjLjLu 3_iLj£ (jSL«-l i Ijj laj 

.£_oLJj_JI i_ul^ (jjti j^a Lij! j iii!j (jj^ SjLsjlII 3_o-L(JI ^ (jSLIj 1,33. V 

'.vZjLLill ,_P=lj_al Q^J^ ■"'■" (^r 3 5-oJlJ-"imiU 3-LijJ! OJLA (^Jl J^"'l 

.« j^>-j^ I j£j I ji^ jJaa (jl JjtL>J,l (jjs (jla 



IIS 



. d_i O-lIS (^ Jul c-<_ujlJ1 (j-u-ij j-A $jJb Q3S-1 L« 3_}l_cj i,^-*-« c-ljujjj 4_u-ii2j1 
<jjo ^'j^i Lul-i udl_LA jjj-i*! ^J^-*^ jl L* ^'j^W *^<^ 6'j «LJl«_a CjLojl*_a 

SjlcLs :3_Lj!j^>.yi 4ja_aj_JI oLiil IjLls. L>-JijjiJ Micro-planner JiUj 
(j-c SjLi^. 3j_o.^/lj itheoremo 4_jj_lij <j-<_&lj_>j '— '^^ <J-° ^Jj^- 3 ^j * o It 

(j-C J " i "J (jl <j^-«f (j^'j-^t' tf j-4 (jl (^ (j-«SLj (^ M i f (^litl J L^AJI j-la-il) 
(Jjj-L (j-C V! I Jul I a '^h.i.i £^V J-C.1^2 J'^-i" V L-Lu ijjs.^1 L#ia J£ 
i . in vliU i a*i 1 1 u a . i^ 4 n t il m 1 )— lo ^ L*i_i jt 1 fQ_ka_} d i < .--> I -*. 1 1 ^JLA , . "* * fl • > m-fl^Q 

(^Jl 3 ua tLkJI 3jjlj^>.yi pkitl (jja (jiitlJI (jJI I J-& i^J? jlsj ^modularity 

(_3 rf^j^ T Jl gbj* (<•> LUajl 4_uljj>. z\ a la * 1 1 » ) 3^ (j"*- 1 (j-* (jl »-*^ .^ jiS JL>. 

. I ^ j'^ (j^JLs-Litl (jja JJj£ (_£lj (jj^t'j ' L*j>^ cr^' CjL>-I~mi nVI JJLc 



IM 



ss^^S ^^ 



jiSj i^jjJI u-"^ ^y^-i 4-&J_j H jjA^jy\ o- 3 -^' c^ - > > : ^' J^jaU **>->i L> o T J JIM, I I Jl4 ( I) 

.((i^MI) -tjJ^tJI s^jlill tjic <U#3 i. nir-M jS i^-jUoVI (j^Ulj JIM, I t)V aLLa-liiJ 

(2) Hewitt C( 1972), "Deocription and theoretical analyoio (uoing oche-mata) of PLANNER: a language 
for proving theoremo and manipulating modelo in a robot". Memo Al-TR-258, MIT. 

(3) Winograd T.(1975), Frame repreoentation and the declarative/ procedural controveroy", in 
Repreoentation and underotanding: otudieo in cognitive ocience, Bobrow and Collino (edd), New York, 
Academic. Preoo, pp. 185-210 

:4_JL2MVL 4_d*i L» ^JIMI JIMI j^jj (4) 

.(^>._pl|)£= 'oi! 
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«ri£U\ ■ Ji~-i\ 1 1 



jJL«J! JIoj aLc 4JJ.3JJ arcs, <_>u!j^l ^K'j"' nodes 

aj-tb (jl-j CjLJS^LjlJ! (JjjIjJs^I ^Utl Lo-Lu (4-utLia 

a 1 ^ . ..1 \ d L-s 1 1 JLAAj I . 1 ' ■■ 1 l_4 A \ 1 " A ^ 1 A 1 A 1 1 

I J j S »" J^^l J_L«-!I Lai iL^ic j^utj ^^Jl jajjiLall 
1 ">1 s ■ ,". 1 /j , ,. *■> « A a i ^ ' ^ 1 ■■ 1 1 A v i X ' 1 1 1 *i 1 . . 1 1 A 

0K1 Mill ^IjJt^-u! Sj_SLa i. , , „ ;ij .^Uiij^ *l^-> 

(jL-L^ (^Jl a_j-il 1,1 W I iajjJ.1 J^iUlJ JlJVjJ! 

d^-j-u^j /yi^i jijLLaj)) 3jLi£, ^J-u-a-i (2A-3->j • Quilian 

•.^LJt 4^Jt ^ 

i3j-*_ut jt gL^^o-ajse-C-l La a J j d rt ' HJ ' La 5-iLcj 

(_j-Lc- J all «£• » Alaitjjj/Lij 1 L^lS Ij i^r j-& ui^iJ 
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^WuaUl .ISiJI 



wLSmJI (sImmiL J~*Jt j$M 



^jA-4-iJ i^ct f^J-Ai-il 4lol>. Cj2iL>. 4_io_l*_U j-^ ' ^*'l (joSJJ Lo LJLcj 

J i r^i" j io^Lc.1 « l-JaJs» (_ya L»£ 4JL»-V iaLUsLi Sjjj_UaJ! 5JL>. (^ oj-i-«3 £jl 

.4j gi?-i«t l 4^^Lc (jic JJljJ «*•» (j <i i . hj (J-uj-oj a^/I A^ilL 

j_d> (_yj-ll 3-15UJ! j! 4£.jajJ,Li individual Jj-oJ! «f» 5ls}L«J! J^jj o^l 

i«(j_a 5_j-Cj_3 3_Cj_«-j*_a» L^llVjJ i«i_S» (_£>»- 1 4^!>Lc dJLl&J i L$-t3 jr^ir 
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oJU^JI olW.II 



« I -(_yJJJ» t_l (((j-JJJ)) 3 J_2_«JI 3_Jj_Lc (j^UJ.! (j-a 4JI i^jLill ik-w^Lj JL3 

^jLUI il^-^^Lj jLSj •"irjjj" SjLflJu J irVnl «f» (j^ij^j L^iajjj ki^^j)) jojj/VI 
^—5 ^jl" An-»- rt id^j] O-O* 3-Aj t. ilS a-A ^-jaj)) 4Aaj>J1 ^—3 «^_A»J « o_A» (jl Liiajt 
i afcje " J^ uiJ I i j*" J^J-a (_LaL«jj jl 4-lIV J" i ul 4jSLuK-La (_£^/ J^^J '<j-i*i1 

(j£Uj IjlSL&j i*l_bVI jlSjJ! « L^jjIjjj)) La 3j>Lc a^I SjlSjJJ ((t-d^I^s-JIj 

:<_3» 4JjJj(II 3, lc\ LaJI (jjlj^Vl (j-a jl>-J 4^ti>.l <U ^gjLiLdl jl ilaLlL-u! 
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^LWUI .ISiJI 



- la i ***' i ■■ * ^jt £)S_4-i iJ^-Aj «p» «L9^L*J1 <d La . u | aj ^J 5j *" V (j^il 9_>J1 ^j^* 'J 
(jSLIj j^JaJ! »l olr 4^/jJU^L: "t^o-i «I_L>J! LiljjLLaJ! jj! ^rJlUI J< uJI <j-a 



aI JjuI SjjU-^ ^1 oLliVI (j^jjjLLut (_gjL>-j JA9J (*i^J iT'flt JLSj 

.cuLoi^J! ,jji 31,„1,„ pLuV 



-.^JbJI JSLAJLi «3_LUaUI 5JLJJI 3-2jjuJI ^ SijUlb i^jLa j^>. i_jj_u3» 
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43LU3VL1 1 Lut (j-Cjltie-a tyGjJLlu CjJlsJI (J-oAj J5-«-l (jl J i^i'^Vl (jjs I J-#Jj 



. LcSLx-o 4_Lj_>Jl «L?e_t-a jL»Io*1 (Jjt^s-i l_4_a i«» »j ' ga ) » aLjuI a j j d U 

i_xJL>JI ^^ 3_al_«JI CjLij^aJI j_gJaj ti^p- (^LlII (<s-<-uj-!l dDj tcUsjjj 
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(jJI 4JjJaJ L-3>ll>.l £x ( jj-sJLui] iLulj^^l oVUJ! ^tj dili d 1 uug 
j^^c ^-JlUI ^vtc-lUs ajj I fCJ-ujJl j-ajljj . 4_JL?e£ ^j-ojJj 4JLj_i-ai cu!i_4_i t-^p* (J-*J-^ 

Simmons jJjajj-u ajls jlsj . ((ajjJ! JI>Ia <LjL1*j JjJll t_JSD! ^j^-d 3Lu>JI 
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oJU^JI olW.II 



Texonomies 2*1*11 (db«Ail 

^J-aLjLu /^J' Cj L iL q- a J 1 <l la i ul aj a Jl^-**i i n" /^-1> * I QJ *-&h! H/-*-"' C^ ' " lP - * 
a^I 3jJL«J! jj-a (j^sljjJI Jill (_gl iSjIjjJ! joSLr>o CjLSLuK-ui£ iCjKj i"itl *_a 
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^WuaUl .ISiJI 

.(^aj^aa. >£Vl (j^sl^jJI) L^jLul ^Jl (iLoUJ! ^l^jJI) 
4_uLj-3 «Lc^_aj?e«a »j « (j_a j ' ea *<" » I j -i \ ' 5j £jum /Su I Cj Ls^LtJ 1 (--gSj A a 

3-i^>L>.j j-J-^aJ' jAlJ ^ I , ^,^^-~ j",<1 iZjLs^Lc OuJlxIL-uI I J4IJ t 4^j"i mi a 

j i^wr) jox.Jla partitioned semantic networks atjjJ.! 5-JVjJl 0K1 Mill ^ 
. (disjoint Subset J ■**'« £^a) («ij 1 (direct element-jjil_La 
(jj-LjjUa (J5^>-J l_L?i9 j'ijj'^ .(((0X.» 4J3^L«JI 4-a-i3 (^LlII j<u-uj-!l 7t-Usjjtj 
' *° .' ~J-i 3 ' p <S ■! ^ ^ .'"' '"' a ^Mi!lj c *-*i> : ^ '■" ' .'^*J ^ lJ -^ : (j ' "jl>J 3j""*^ Ct^ 

j J CJ Aj~>%X\ i_La_uj-J '-*-4J J «(«-£■» (J- 4J 5^ ^ U , u ) qj ^u_a_iV1 <Lca-qj?e-a-) «G^LxJl 
.4j^il!! JL»-I (JjSLj JL3 4JI (j-uiJ «p» (jjjjii (<_Sj|jj<-a 



«jO_3))J (jj-a 4-j-Cj_3 4-g.j-q.Je-a) «i_S» ij^-i fjj-aj\ (^LUI (<u-ujJI 7c-u3jjj 
4_u_uJj-3j 4_j£jj-al La 4_u J_a (j^Sj (jl ^SL^-l M-3 • (4j-uo-AjLq 4_uLjJ3 «Lc^_aj?e_a) 
Sj j j £ 4_LjJl^ (JJ^-J O' f ' *J '- a ^^^ * LialaJLa (j£Jj iCJ_jJI <j-u-oj (^ 

. Oa-lj (jl (j^ 3JL**-_9 
t3 *C 1 mi II SoJa (jjs J^j^ (jjjl^ja^l (jjs 4-ajL2l].l pl^j^/l ojut aI jij-" 1 ..I (jl 

4_LjJ_a 1." 1 1 ,1 j I (JJ-jJ (jl JLllI I J-A ,j_a 1 U j i" 1 ,ij (jl £^aL)j_jJ <j£-aj lLLIJUj 
(jjj.1 (j_a aI Jij " 1 . . a l (jl jj-2j (jl (jjs ^jsLlj-JI J-laj La J^-JJ V (jSLIj i4jSLjj_al 
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Partitioning semantic networks UHdJI QI&mJI <W jail 

JJLajJ SjjJc-a ClLa.1 i .ia fjk Lj_jjj/ *-aJt~3 (jl jjjiI^jJsVIj jJL«JI (j-a CjLcjajJ, 
(jJI <j-u^3 (J^J Sj-S-C ,_L£ (j-4lu jl o^fj .<Lal"aej9 i^jLa}L«J LJVj VL*-a 

_}JJL>J 3j-]Lc i_kajlj)jj1 0JLA x_j_aj>. jl_tli£,l c_t^e_l (2A"^9 i4_ilL?e-a CjL>.L_u_a ^—3 
. A *C j 1*1 1 1 4jj^>o CjLs-LjiI.1 i_3jjlJj . 4 n \~ -si 1 Cj La. Leal ! 
dJLut)) 3jLi£. (JjiaJ (j-u£j J-L& ,2^c. Jji-U,! ijLol (^y^tjjJajjJI «u-uj-J! LT^iJ 
^PaljJLSl /^-Aj Stj^Jtl CjiN 1 1 ii U 4_al_A ^ a t -^ t^-J-i LaS 4«3jLu_u l£1 ll 4J (J^J 
LlAj .CjLs.LJi.1 ,j-a 4^-L^a ^1 La 3j_»o jn i,-i^e3 LaJ_t£. (_£Jlaj>.jJI JJJ-oJI 
4_j£j_aj ^jjjLuI j^)^ CjLaoljt_a JILa i4_LaL>. CjLaoJjt-a (-!£. <( I a» «L>-Li_uJj (_£aILr»o 
jj1-«-a (_L-J-J» 2a Jilajj . 4la->JI jc^3 (^ SjljLa Cjlj (jj£j ^ cr^' iCjtjLu-aJI 
4_lSLLs_LI I ir^iLa. VLia 3a Jlajj . 3Lu>J! ^ ,Jc.LaI! JJJJ Ajij i^gJJIj '«J 
.(J_u_aIUl jj-° JJ ' ^Jl 0JLA (_]] «3jLu_u lLLL*_4-1» SjLulI 4_aj*.jIUl /jj-Aj 



^jLa J-SLj jt J_j_l_lj1 (J 9-J * )j-*HiJ» 4_Laj>> «Llj^?£"J jj>* i (JL(_a ^-Ll La_t£j 
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^LWUI .ISiJI 



«N» SjJLuJLj «D» SjJLkJI J * .", , ,.","a-JI , ^ A '.VI ^ gj , „i-^ A;tl (J-lLcj ^jSL^-ij 
equivalence .»ljiejj-uLi Lai ^ «ii>i"tl (j£. j_iajtlll (jSLxjj .(^-iilLi Jl ir-irnVlj 

IjjJllJI fU-ujJI £-^Ji La£ jl (I I" V ^l)=(^J <^ I) 



126 



(Vx E x ) p (x) < = > (v x) (member (x,X) ==> p (x)) 
jj^Lflj ^ K II jj i ..It jjj ' aj 3JjL«-o (_gl (jl j_yfl 3JjL«Ji.I ojuk Sjja (j-«£jj 

.cUJaj-J/ 3J.jL«-a ^1 I $'< n yjl 
(j-lj . 1 * o . >»" rt I j_a ^jV 4_ulL3_lU I M L^aAJl ^jljll^ V ( _^L>. ^J-lL^j jL>.oj aj 
Lo jJl^-j VI ljJiJ^o-<iJ SiiLal I ijUrt (^jJI-4-JVjJ! CjKjM.tl JjiUj (JjSLj 
£lx!j_jJ! aJJt Jila Jjuijj . LgJjLij lJ ic 3j.}LJ3 <■_ . i .iLaU ^-oljJ (j-a i-£JLc-& ijj^j 

^^j-iZjIj-JuIt J}b-^ (_, < i h") L#j! (j-ij>-4J unification, 4jJi_o.jj S-Lajjl^it^ 
(Jlj i .1 tl 3_JjLixJ ilL) JU AJ-S3 (j-AJ iOuljIb-4^13 (j£, LgJ i.\t j'i Cj^^jca 
(jS_4_i (_£Jj1j « j JLu_ul * )J-^-i (J- " cP - * tj'j ' "1^ . 4j>.LLL1 (J_<3_>Jl £jja «Lc^_$j?e_4-i 



jl dllju c_<_*_jL>J1 ^_«Ljj-) p-xlalLuug * pattern matching o^LjSLjuJl a\jtL^ja 
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^WuaUl .ISiJI 

(j-^-ll i * I I "1 J LaLa_l 4-JJ1 i ii a 4_lLs_*Ji 0JLAJ • <( (J-5^ = (J-"'* d J J ' " * (J-* 1 -^ J^tJ 
.(^Jj^l 4jvjjJI <j-a J La ' 1 I <j£: *_<-uLlII J.^Atl ^ L&LuliC.I 

ill Wnj ij_<I/Ljjs JSL^uj 4^-Lla (jjS^J z JIJjJI 5jL>>1 (jl *— 1JL=e ^ ^° Lh-^J 
(3 1 + "" oLLi^> jl oLa^Lc AljJt^uLi diljj 3*Cj Mill jLjl>-l L$-<JI Jj^jjIII 

-i_j|jHaVI JSLjj*)) al a 1 .ii La Schubert CjjjjjI/ a JL3 JLSj . 4 I n 1 <i"r a CjLiLiSLj 

jJs Lul i«S J^lS ^LaL>JI (_L*» Jljj-u Tcjlsjjj 1(_P=jJlII I J^J access skele ton> 

(Jlj 1 .1 tl «_Lbj_a (jLlSLI! TtJI ..j_Ajj>JIj iJ'C i"itl j 1Q5UI jLpi.1 !jl\ jU Ltaj 

. ^Li3 jj 1 rVi (jl (jSLaj 4-i^LiJI (aJ-iiJI J-A C^jL^ Ii! J->o ( _ 7 SLI 



-I ^ i m <j_a iSj j jj>. 5_«JaJI «Lb ^ 3_jVjJI iuKjmiII O-ajiei-ul Jul] 
mineral ,j.sLtil *_al .'ii'^Li 2-^LiJI cjLtfljjJLi fOgj <j jJI PROS PECTOR, 
<j-a 2 aulag ^J^r 1 -iLaluil mJJJIj t (j uiC *-jLca]l J-uaAll jJaJl) prospecting 
Juljuj CjKj i"itl SjJS (jl jc-U^aJ (jl J ir^iiitl I jut (^ LJjLs- JlSj . d j i ii" 1 1 aJJb 
(JN j it> ' 2 * J (j-\_ 1 ' la 1 --J (J^* La-il.} i-dLLA (J3^-i (jl Ju2fj 4^Lix^aj| ' 5 ***" 
jLii/jl (jL^ LtK 1 1 JLl>- L-ujfliia J'sij^ll (jL^ I a K b ij 1 . 1 rill £^aLJj_Jlj CjLiLlJI 
aIjLJejxJ SjLj (jJI 3_JVjJI vZjKj Mill 3_j_L, S.^ljj ojl jJsj J'-~'' a ' J - -■ A 1 1 
(jLcji>ij-a I n a j i3_JSL^JI CjLjLjSLIIj r-LUJ^I jLC.IjJ3(j-a SjJ^aJjilaaJI (jjsf I^JI 

.(j-tjJLiJI (j^l i^iiitl (^ La^JjLuj 
SJaj ji^l 3_c.|_LuaJI ojufc JjtjJ vZjVjLe-a-i JL3JJ (^3 (jjia-LJI aLs jJsj 
SJLl cJjJj-a Ronald Brachman, (jl_a^>.lj_ijJLJjj ro-g-i-a j^jj 1 1 U12j ji^lj 
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''jl'" I j Fahlman (j Li^J Laj i Ojjjji J L*c 1 j < j \j-lJ^ I L^ Lj/ 1 j ^j V ! 

Cj I ? j j U "t 4 U i .ilj-j 4jj!jILa '^J-*-"^ oljla*! ^Ijrill 4a.jHa! (_gJJI «I_lJI 
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ISO 



<u&X^\tt\# 12 






idij^Ja Sj^-ii w *~ I tig .^»Vt <;L^jJI jj jfc. Jj^a 3jjji£. 
Q ^ * .' er^J P° st Oj-uj-J (JlJ-ajJI (jialil Lj-Laj 

2 < 111 j«_Lc ^yij Markov, <_s^£jLt oLlVjjIjJ-JI 

S^Lcl J-C.!j-i£ Cj_oJLitj_<j/! 04a. \j^ in aj mi "it 

J-o-»- S_lJ_i (_, Ir i_3jjlI1! rewriting rules 3_iL£LJ! 
3_,. J; Ut t cjLUU! 

(j-a_i2l * ljL>JI JJjLLsj 4 La^a-a I * j a. I J 1 nlS 4_il ^-Jut-a-i 

(jjiii (jja j-ijiJ^I i_*JL>J! jjii'm LW3 iSjLcLioJI (j-a 
1 La jlj-3 jUejL jjiiiltl Q5SL; La LJLcj . SJlcLUI 

f !jJI jl^jj V il .dJj^ USb j_aVl ^ c&3 

.J-aJtjl ^JS mi 0j\ 1 d Qj 1 1 ^JN mi /^-Lc (3 1 i n a 
<_,-Lc J_«JL«-J mJJJI j-aLlj^jLl Q5SLJ La SjLcj 

'.oLjSLa 3j}Li 3_p.LuVI Jl£.l^ill 

jlcIj^J! 4^.jjsj*js ,jji 4JjSUI JlcI^Jl!! SjlcLs - 1 

-.jlii Jliu 

<^l> <2LLi^>> <3ljl> = £> :<5j.j ,,.V1 4£.^«Jll> 
III 



^J <i i"i" (jl ^2)^-4-1 L<i£ aaLiILA 21 jJLrtX-l 4_La_uj-a «L3j)j-*_a Jj jl ^~*~ (j~^ L^^-*-* 

.CjLojjjijJ! (j^-n_i LUajl 

.i. 1 1 .iLlU J-«-«-J! IJ-jjj h_i_ujj (_gLiJ iJjjU" 

(j niU J I S JLjJL>- (JjLis- (_^^iitl<j/lj i L#j j£ jl L$J3 J-1^5 ^1 Jj^sjjjj IjiiUia 

i«JplJL»JI»j «CjLJLlJI)) (j-u Lul-S 7t-Uslj 3j-^ liHi* o^J "^H" (JjL^a- 

J) I **m L<a_Lu i^-ouj-^l ^—3 ^ * ' ga ', I 4_*3_j1jJ1 4_3j-*_U LlA ((Jj-iLoj^JLi)) ^. i* i 1 uj 

. 4_Lu<-a dK i"ia jl SjJLx-a pjjJsj^j CjLJLuJ! 




L^ljJS J^ 1 h") (_^>- (jlSLo^l jJ-Sj LLLla ^iSLJu JLcljJUl JLitli O^Cr^Lh? '— *rP" 
jj^j jcUsljJI J ir^iiill J'C uiJj . [(j 1 11 lit CjLa.l"i"ii 11 a Li J 1 <ajj Li£ CjLa.l"i" 1 11VI 
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607UBUI ^cljiJI 

^LSjJl p j it>La-a _ 1 c J) - ° *~ j—j_jLj 4J i-j se j * rt LajJLj j i ■■^' la JX-ljJLJI 

• tjVI c?-^ ^J^k ^l ti^tJ! culj.il (ji^j ^UU.r-.VI 

(■-.m,i-kj UK-HL^I ji£lj i U i .ill 4-ta.LuVI JLcl^oJ! 5i:l Hr->C^Jl£ L4K9 
^j a j ' aa ~""j f^-uuLJ jj_a M^ .^' l^**"Vl j^cju »-!lt_o* ipUm /J^- x^bjaJ' Sjji 
,JJ3 JL90 (jl <jSL«j iUji.ij'11 ^ 4JajJll icL^aJ! (jl VI .S-La-LuVI JLclj2JI 
. 4j3j-*_U Cj2fL^t-a jj-a (j^-*-a (J'- :t - a (j-^ j „ ^ * d)^- 4 - 1 c^ CjljLj_JI 4_t£,oj 
La£ jj inn Uj J-C.lj-2-JI 4-g.l j ir^i (j-u Jj?t"ill (^ (^lila cJ^'-P liltSi (J-ujJj 
. 3-<JVjJ! oKi Mill ^Jajj/I^j iSjjJ,! JjiUj J_ai- ,Jj^ (jjs Ljj^i 
•,Uj,„,tl JLiU ! JL4 (jJI jJililj 

: JlcI^U! oj^.\1 
3j_cLJa) I U 3 o>^J (j-u ijjl '*9-*? <J-"J 'o'j-^ 5 " <_>" O^ '•*! "• I-3jlcLS 

tjjjl 5-aJI SJlcLJS 
/"jl ^ '*^- , « ,.\ l i A ; I - A st i fi-s- 

c ^ -1 * , • . uS 1 ' 9 t Z - 4_i2_u2_>- 

•(J "^ Ij'^'O" « O" »J J »" 1 H (j "^Ij"^ (J-^'W I -S Jlc L^ 

3j^cL9 J£ (jl JLcljill (jlc- 3jL»J*il <L*-aj-JI ^ 4_u-uL-uVl (^jLlL! <j-a 
5-lj I U 1 1 Joj|_)_JuJ! x_j_«j>. (-;r ^. (_£_ai»-J 43j-«Ji.! Jj-b (j-a ^ ?" i ,i a I J_b JlLaj 
l^gl (^ 3-J-JT J^->J ^ ^l ^J-I J (_, lr ^JpJ S-iJLjiaJa 4j*jii Jjlj • U-^hJal! 
(j ■ LaJ (jt (j-a ■ j** -1 * LLa^j-tlu (3-^-^ tl)' Q ^ *" 3 '"^ 3Jl£,LSj1 ^ij_u-jj>.i (jlS_a 
J£ (jf ( jixi i J-aJtU (_£>*•' (^jGjjij (jl Sjl^LlI (jSUj V 4j| ijaijli (^J^J 

(5jjj/ ■ "* Ij^ii 3 1 1 nilLi cjjl»j La i-3jjlj Vj h5jj>.^I jLcljilL 4LtL>. SjlcLs 
. \j~ i .i^jj^l jLjL9 jjJj j»j-5j (_gJJ! j i ii nl I 



IJJ 



(j-C 4_sjji_o (^t (jj-i 4-IaLui-U L*_o x_<u>u L^jI 4«Lka_>J ^t £__= L^-t-o (^1 ■ la • •• *" 
4 U < Jj_) jjJLLj_= «GLuL>J1 tjr 5 L^_a1 jLitIL_u1 c_t-uj3 Lot . L^_a1 jitlu_u1 4_lo_j£ 
— )_>Jl > 3 L j * C i **' * " ' ' "•"* ^ * 1 ^ * 1 A i LAJ ' 3 fl I ( i d_c_ut_A woLxX I d ■ " v . . i .-■» 1 1 

(3jj£jla CjI JL»-J '^H* Cr^) S-^J-^ *>f^' I g"n I ; La] Ij-kJ • (jr^ Lo£ (JjiuuJ I 

(jl (jjj i jj U " j (jl (j-SLflj dJJJuj i^_al_Jj^J! (JjJ-kj J ^j i ni l (jjs 7r j i <aj 4JLa 
Vj i j^clj-SJ! JjJju jl i_3Jl>. jl 4^LbLi ^aLJj^il (jiSL^J! i_«j!fp]| jL^ij 
jbjl I g K iaLc 4j*.jjj . SujJLjJ! o!j_ullII juls oLULloJ jUtiV rLL=j 

I (j •> 51 " j OcjL£ I q K-> j U t Ll 1(J*iti^ (jlslj^! x_a-£LxLij_JLl JLcljJiJI JJLC 
( _ ;r lJI 3Jl_i^>.jJI ( _ ;r jk 4-ljvLIJ'^I JlcIjJjJI SJlcLs 2j-> gJLa O i njl » xtaJLj 

^ 1 gri i^-i't ^pJlj-^JSL^JI sLuiVl jl cuULSLILa n.M<pll iuLCal U U*~ 

■ 3 ii I" -^e-a 4_2jj_Laj (jSLIj Ltiajl dilj J ♦*"-,_, N"^ J i^aAll 
4_j_Li|_2J| Cjli £^a!j_J! lJ JS 4la JoLlo.V! i_^*-J (_£ JJI ^ i "j'jjjl jJai«J!j 

jJa (j^lj^JI SjLcLe («-»>■ -iLj-ijLi 4J^ ijJaliLI 3I ' ""^1 o' ^^ >* s-^j-^ 

L*jIj£Lj jl L^Ua^Lu aJLc <j-a Jl^liL) SjLjJIjj. SjLcls I iiii'yil LiK JLclj2JI fl JLA 
CjLjJi «L1jJ_>J1 Cj Lan La tl ^-a^* 4_aJia_it -n t '■"•" lJ-^Jj . 3ji^>. a_a ^jj>.t 3ji£,LaJ 
^_al_ij_jJ! i^l t_ijl i^i'll JLio! c-tiso (jyi^- J-°lj-^" (< 1 '^ a SjLcLtoi 4j_9^ 
SjjJjJ! 4_j_Lj_lJ! ^.alj^J! CjLJVI oJJt J <i uuj i(^ Mif J-j!j-II J .^»Att j laJl) 

Forward or backward chaining? 
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607UBUI ^cljiJI 

(j_a (j_a_i2 1 I ljL>JI JjJijo (^jLS_>J1 dJJj dulS 1!il La jjJLu «QjLij1 CjuLj_J1j 

j-laJu j ...All jjl£ ! jl Lai .(^Lol J i ..I i h"m (J-a-*J 4JI Jj-iiJ i(3-ajL2l!) SjLcLSJt 

«3^>J!) SjLcLiJ! (j^a j-<-ujV| c_JL>J! (^a 3lU<a ^ La£ t-stjutVl ^1 Vjf 

Jj-iij n_aljLA^I aJJb L#j (jj^II JlcIjJlJI . La "a j-iij (jl JjLxj jtu i((_g JLloJIII 
*LtJV! (_gj i uria 3JL>. i U j i h, t Li j-o-aliJ I I jjt JjL»jj .(_,iil-». J i nl i n~ J-aju 4JI 
(j-a (JJ*OjJ (*d^ i^LaVl J i. i Ii.mH jJaLiU (^k:^ J-iL^I <j-a O^*^ Oi^-" 
,j^o jjj* J_lj (O-^-iV u ii 1 ^1 J ... I iii'U jJaLcil JjL-uV cr^-' 6-°J '^LJLuJI 

.2_S_«1I <_sljufcVl 

CjLJLuJI i_tjjjj (^ J i^i'^l joSLajj (^La^/I J i ill i ,i"ill jLiajj . 3-aL*JI 3«LiSL!Li 

j ...All ( Jj-oj 4_il (_3 _ Al-^tl ^J , ill , n"it1 jLLa_i La_Lu . CjLa jjill Jn>j JL9 /-^1\ 

oJLuLl} j i i^i ?_t (jl * jt"Ti i ii j 4JV i L&J-!! Jj-^ 5 ^' (jr^ S-^-J^ C^ - " i-fllklAafl (j-a 

jiiltl ' .».^-tl <j_a 4JLa 1 JL*. ^1 (jic-j •'-3 1 jlaVI oJl^j 3 SLlUI jicljill (^ic 

. Ji£.ljJi]l ojbt 4_l3 jj j Laj (_g JJI t_4-ujlULi 
JlX.IjJsJI 3_C.j_a.Jc_a ^-i) j miiU Jj-U La Ijj_£ i^^aLa^l J mlin~itl ^--J 
(j_a j-__>l cJLO " LaJ—Lc I Ml l__j 4_>.l ojj ' 3 J __3a__j y^yZLJ 1 3j__L_JI J^t_jJ 
3j__L_Jlj . Jju La-ji) oJLA t_!jLUajJ! ____ljx i flj-aJluij '^J.'^ 1 "'^ c l-*-"'J- 3-*---_ 

i3_JL1 3jj-s (^ jj-ijJalil! itLiLa p • ■ -»" jls i La 3jjj (^ I $JLuia3 (jSLa-i V 4 _^ T HJ1 

.(_fj^>.i JLclj^ (j-j-j-LaJlJ £La_uJ^ O^jJ! dili (^ Cjj_Ju Lajj (JjLojJI (j2 
.iLljjIaJI -jj^j (4) SNARK j (3) OPS Cjtjmna JajGj 
Aa_SjJ 4«bj)jj1 tc-UsIj L_3J_A La_jl^ j ■ "^ o u ^jiaS-j ^^ flL>Jl J i ill i n**it1 /Js^ 

a j 5 * icdl j_ll «G_3j-_»_a ^jJlj>. (j-S JLclaJlJl ^JL>.I 4_ajL^_a /q_i^23 Ly-^- J-^L^ 
^l J i i^i j (jy^Ls. cLijjJaJI a j^j j n" i ,i_ij iJLjJUa. i_3JL^ j<uj2jJI Ijut J-i^a-> 
(j^ti 4^LUsl ^LuLCal »ji 3_2jj_k]l I jl^j ( ^EMYCIN J^jljj S2L3jjjlx i^ULu 
d^^j-Cj £L>%1 Jj^?e_a_i . la .■■ u tiu_pe_] JLcl aill ^j^* I J-ujG ^jS-aj :4_j_aLal Oajljj 
7r a i njlj . ALa^U 3jU»-lj SaJai. ,j_a j-l£^( L^JtjLlJ J_aj V (j-SUj i£\_i_L«-a 
CjULu ^jLJel^U Ji-JJ (j> ^ <-,ilU"n -.(J^LLl^lI! J-J-4J (6) PROSPECTOR 
Jal li'n .iVLi L^jJI (Jj^sjjJ! c_ocJ (^^J! i_al JLA^/I i_>jjjj (^1 Lg-La Jj^jjjjj ^f!j' 
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jl Uiy-j i_3jLjfc (_£f JT i ii j i4_ajj_U i_a! JL&Vl 4_a-jLa o^J- 2 - ^^J ijj-oLoV! 

4*»M jt$aJt $1 «4*lalt» *Ul 
"Closed" engine or guided dialog 
i session jjUclII Sjjj <j'Jj (_y^ i^jLJLoJ! 3t|>oj LajJjjJaVl *_alj_J! ajJlj 
jj_a 3^1 ii" i .iVI (JJJ-J 'g-SI* < tl ^t^n" *u 1 1 fljlr d j ? U i 1, 1 CjLJLsjiJ! (_£.}jjj 
.3<iUU 5J^I <Jho.nl La^jfc IJLAj.l_uuiL>JI L^aJ-Sj ^1 A-L^Lal]! oLuLCaVI 
gLcl j try a J ->-**. i n" f^HJ I 3j-u_>JI d o U» .VI «_j_aj>. y-Llsej i n (LlSxuiaI /^J 

I J-A (_y^ gjlaa. Jjl jj| dJ-Ju Vj . 2 tjj i uJ I gj " Lselj ■■ " «_o jjLtlll ^Ir SjjLs 
xJSjj *_a .shtjjU 4iij j1_<p- >t-il (jr^- SjJLaJLl r^-aLJjjJ! JLjjJj ljr &, oLsoVI 
pj_U3j_o t;r i-c. Ij-i^sLa l^jlr Jj^itcj (_^lll JjJjJ! ^jix-a Ui^J o' 5-°^J-^' 

I 1 K (Jlj I .1 II J I qC*r . iiLl J I .iiiolt 7-1 n I ulLl jjLtill l_!^L-ui tj\j-aJ>^ (j£-ajj 

4^-jlaj i^JJI JIJjJI jLilc! <L>-jjJ 'W^- 5 '^ (1)' O^-*? jl>»" ''- :L * (l^ 2, £-"i9 

.,_^i3LJ La 

strategies for connect resolution W jUttit Ja uLAniiljnril 

(jja JJLC (JjSLj LaJ_t£. j i ii lit, 1 tiJ^L-u ^J «t_ljLUajJI (_L>.» 7-^1 U i^il j j uU 
L^-S-j-laj (jL^ I jl La jj-2-j (jl J-jJUx. *=hlr (juLuj ' jj. 1 ^" 1 ^ 3ijLa jLctjJilt 
(ji^*.' 'U n'^ (j j laj aI jjjjU'll JjLs jjt La J£ (j j U_t (jL^ Ii! ji nj 1 -*- t rSR>y 

.otjLui-VI 

f. I ♦ a . SjLjJlX CjLjq**( i ii a iy\^- lj""^' Jl^I^o^JI c_t_ujj d K i"i a ^^paj-ajj 
4j (j j U " (_£ jJI c^jjjjJ! JjJLjo r^aLij^il (jSLaj Top Level (^-LcVI (Jj'ii.iU 
itc-i^-jHI! CjL>.jJ a JlJ-"i i n"t (_^ll! 5y_a!j-J! (^ 4jtjl uJI ^£.}LJi.! <j-aj i jLcljil! 
(j^Laj l_a^ .rijLUJI j I CjLaJLall 3j2J LoJa LJjLu Lijjjj JLcljil! i_ijjjj 
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(. i Vi i na j-lC dllj) (j^Jj ipy-aLij-JI LgJLiol tLul i LjjJj JicljjU! t_i-ujji Liiajl 
4_*5_kaj^L] *La_i£ 5>_j_a (--A J ij-j-ildJ ^ouj-aJl 4_ujL9 (j_a ' "* ' *"* ' 4_i 2 < Llsc j * rt 
(_yfl dilj J-ajiJ d flj>j i_jLu-ul £lxLJj_JI f«a o r r^i 1, (JjSLj JLS idilj *_aj . 4jjj iiMl 
w 1^- 4_ijJL3 u, Ir 2 j 5 j ■ ■■! £_aLJj_J! S«L£ JLs.tj V LaJUX: S-i^Li. oVL^. 

^V (>SL4J o^p- <L>JI_i^s La jut J kj j-jJljU S-lLLI!! |ju.a (j£]j .jjU"tl 

.,_£jj>.? SjLcLa jj;^-*~ Jt»J j-i>«J (jl SJlcLs 

^aLJj^JLa i jlcIjJlII i_ijjijju 4 i .iii'tgLxLJj-JI aLs !j)J j_Jui! suLLUI j3G3 Vj 
Vj .Sjujuj. SjlcLs JSj" ^jT-r^tl t-^jjiJ! j>jl*j ^JuM jjfc 5JUJ! ojut ^ 
^ J-j-J^-JlJ 4L.LHI jucl^iJ! jLoi.1 jL< I Jl VJ U^ ^Vl I jla oj^ 

<L>-jJ) JLa-l (jjjj-Li (j-C (j-^-Ij 'Q 1 ^ J ^"' ' " a t ^ e r 1 (1^ L»ijlj O"^ ^ '*-^ > 'J- a 
i«Lj£j Kjl...» S.lshjjIjJLj/VI ojufc Jia jLilcl (jSLajj ijl_.lc.VI ^ 4-uj-itVl 
4-JVjl^/l 4-ila.c ^ylc ^jU n jlj-aJI JLaJb sb-uLul j^lc ^ jJI jLudl jLua-l jV 
JL^IljIjL^VI^^^t^VL^VI J&^^Vtc^*JI<jx l^juj^t 
43jJ)j-Ud LlajUJI (j^-J LaJJtC uJiagJl «L>JL*_a (JLc SjJuiJl o_A *L£ Jul j-ul_«_a 
ijLS-aVI j J_2_l »l j i"iV1 il-i i ii j* (jl t_t*J» JJ<j i"ill (JHJ uujl J^S f-^j" i nitj 

•«fj>Ltl <j-a >£l (j^ <j£]j 
J-J-C i.~i -r i 11 Cjl_ LJ e_ L jlj " i . il jJaLJJ, La-jlj) (jH kii_i"ia (jjSL) (jl I ijlr j 
(>U l— Ijl lialll JJ^Jy <-^tP- '/> I 00 3 jS'j-a iZjLayL«_U Q^Sj V LoJUC ^jA", ,,.t I 

^LiLa I ; 1 j i ijLa . I U ^Jl cjLjLuJI ^^ic i_3jjuJ! J-p-" . .nj iCjLjLlJI jiIj^s 
4JL«lo.! 4j>-jj) (jl Jj^-l. (((jj^i^-y j> 12 (jfijVi'i'i Jila 1. 1 1 iiL>Jl (jja L>-jl»- 

i>J_A f_-3 » )L_J1 --**'^ ) (j^t_t£ iCjuLj_J1 X-jl&>* ji_Cl>.1 (jj Ju i LLl*_o I Jl>. 3^-^ 

(j^jViVitl I JL* JLjivl i»-jJ) (jic jjJj ij>i-l ^LJ^h 1 Jj-^ 5 J J-^"^ 5JL>JI 

^^a 3 K mi U a jut ^ jJa-iJ l^jjj/j . jl>JI I jut ^jj La ^1 slL^l^J u;j>Jjj 

oLJLljJI j j hi ii" t (j-<i-C. x_>LjJI J ii^iiill) LITHO j_aLjj_l <j-C. LiiLjJo- 
.SjJaljlL! diLa^mi ^ 4laLi 4i!i Ui^- 1 o' i* J^" •■■"' ^ LaJUc i5^l>.jJjjjJI 
^JLl! jlcIjJLL! 4jjJjVI f. I La c I i jLC.!jiI! c_u3jJlJ ^jji-V! j_uL»I! (jjjj 
I ^ j'q i«^>.j_1j (jyl-JI CjVLsJ! (j-SJ S Ljtj_uC jj_a J-5-^l L^-al JlJt" i .il JJ-S-J 
dil j ^jSLj tSji^La JSLI (jj i ii ill ^IjiieJl^V! j!ji-i j-Usjj (_pJ! cuLul uaj.VI 
Aj-a-" i ii j /oJ IjjJ^ «(_, i ii M» (jl (jSLaj ^pJ! JX.Ij2JI (_jj| 4 nutl tj& 5^ijS lj 
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JLalj_S.ll ^j'~ * •'« .,jOJL>. (j\j j-ujilll (___. J ui flu 3__yj___JI ojut (jl VI . I Jul 
td-J-s-j Lo IjJiL- I gJLj-j-t--- (j-cjlluu ^-ill ■ Valjtl jjV taJLse_i i n" La IjJiLi 

(^Ltl 2Lu»LiJ! oVL-sJI Jiu_. L$jV i-dJj ^j L$j J->L-_o. , _>l u_-*j (j_C.j 

La_tjj aJL^-I i ui I a 1^ /---ll _£>-*■■ ^ ' -*-£■ lj-*iJ I J *(^-*-a w >l ' -^^ * *j 3 '"" '"■ ^~- 
L$_i-L_- (jV iSjvjLoJI 3-ajJuC L$jV jl Lgic j-ujljJI £^----1 4J^/ l_ul a _ti>-"i 1 11* V 
2 "^ Ull J.^Altj (Jj^jJ! (J^jto'iII i fTM^jmj . L-.}U->I a JLJej 1 n" V Mia 
tJLcl^iJI (jjj^lfkll gjJJI !ju_.^Vju^VI<-l)LL»jt.Lj jLC.1_aiII Lg-ti) ihilp^l 
. £_xLlj_JI ,j-a Lg-jjo- JL-JL-C (j£-aj (_-J-!lj 

Does or does not allow quantified variables? 

<— -a 1 1 11 ->-j Ljl i^iritl <— -il 1 .1-- _>u 3_aL_s -L3j__j (jr^- £-<--L-!l J i^iitl ,_£a_i_-.l 
4_al j-jr~i 1 nl ,j_a Jj_a_>J,l __il 1 11--JI JjUM .U_)| i^i^l 3a__]| ^Ljj . Jjju>J,! 
<j-SLa-i i«jL-Lia 4- jjLU J_>» 4_-L2JI -U------I (jla i__Ujd •.Sjj 1.1U Olj-iilail 

<— -i 1 I 11 -K-i (j-J-jJj l^^jVI 4__>-jjJI jjUit, (JjJuJ.1 t_ll I .!->■ 4Jt_J l^j if J_UJL_-I 

. jl___La Aj _i_~_fc_a j-jLLs (J_> (j I 7-o___>oj j^JU (jl ' 1 1 Lali * 4i2 SI }| ,>.^tl 

j '^~iiij (jH-II *j-i-^-" cjVLoJI (_ya LjisLb LjLi____JI <_ _» 1 . ..-- QaSLj (jl (jSLajj 
(^ JL->JI j-A I jukj i l^i^il^j. ^jjjj Sjij-iia entity 4Ja_Li^ ^.Jl L^a jJklil 
jjiijj_I.I ( _ ;r jt Sjij-iitl 4Ja_Li_vJI Qa-Cj Cj^o. iaojJI Sj-iai-JI -La-__J 2! (j_a jjS£ 
I j-4> J-aj . (^-S-jJa-O. J-aLljj ^-ii) jjj jl ^--li-JI (j a J V uu I I £-aljJ ^-J.) Mia 
] w"i^fl . 1 **» * ^ 1 ' --~ fl * ^ < ,. fli l * 1 ^ I j 1— * l ^Q idjl \ i ***( ^ 1 al_) " *•**' ' u j 4_>- L^- I "hi JL3 
ijjs-I Jlaj . d rih-^e-a jjLtci l _ y \^. jjJaLLa 3ji^ ^1 4 oj 1 .1?" j ui 1 1 1 SJLs. (^ 
lj\S I aK (_g jJlj RI Ohm =V (a jl) QaJ^ <»-^jjlj)) LajiLlj_l jl ^jlliiia 
Tt-ua^jj .tiJLDI j_jJLlil 'La-^a 1. 1 1 n-ttj (jl jj-2j (jl-21 (jJ^jVia =1-*^ 4jjJ 
(j^_i 3a2Jl 3>^ ' )1 LgaAJI » 11 1 n^. j jJ^o^JsJ,! » 11 1 h"kJ1 (J_u_a_i (j^j 4_jjLUI 4_ijLo1I 

Jjji^JLI <— _a 1 1 ..->■ Ljl i^iritl i_il 1 n-w 

Ljjjia 4JjLla jl>-jj S^s^Lla RiSjs^Li^ V ouL^ ljl OI-SjlcLs 

jJlL (jj/ CjJL^ ljl 3-aaL<-a julC Ij 
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6u?tBUI ^cljiJI 






£j ((j^ji^Laal** 




I = V/Ru«»l jjl 


(jLLaaAjt-a 


'^^ 


[.2La_jLuaV c^L< Ijl :2-5jL^La 


aIjLxjjj/Li (jjj i. i i n-wl (j jl 




4x^L(JS JUlC Rj 


gj lcK >j »j» 




r = v/Il_cu^.I oM 


^VjUI 




2-aaL<-a I c^i\£ lit :3-5jlcH 


V = RI 




4_a^al*_a J-±£- V J 4_a^aJ_*_a Rj 


P = VI...etc 




V = RI ux.u^.1 oM 



LjJ jJSoILj jq_j 4 La j^paljJLsl ^—.Llj /j-J] '"'■ '^^^ t 1 £y$ «Lc o_aj?e_a LulSjG La 
jl i^ljJl^VI I JUt (j-3 I ("n't Jyljj (_yJI Lai lilti l£-ij^ '>£? cIiLt-i^.}La 
JLioLi 3_Lj*.LlJ'^! JLcljill CjLcI jir^i 7r a i h"j .tcJLio j^c. 4JL> LU ojLglal 
J I) «Q£jJLI *uLliJI ^—5 X-Usoj (jl j^A-^-l jjr^' ^LalUl l5^ JlA 7^-*-3^4lu iJJalUl 3j£Ls 
l_L& (.". i 'i-?Z J-i! '.tjl iiit'iiuVI ,_L3i!l IJL* ^yln (3^^ La S^Lcj . (S-Ujj-JJJ 
(j^/ tiJJ ji£j nj 1 -*- w ^ <^»--l (j-" 1 - (j-° W ^ I J ^ "' *(JL«j3«.|s 3 nK aIjLJt" i .il 
(_,_a j j j >J I Sj-ii. 3jLc (_p-aj (j£Jj i Lj£.jjj3jjj S^Lc Qa£-J V (jl i .it" i ..al 
2^1 Laa.j CjLaaitA j^Ijj aJx. jaij SjjLJ ill Jl>.^/ N *"' w ta «j Jl3 (_£JJI_J 4JLxj3 

. I 4 '<* 4_ijJ 

SjJLc 0LJI3-0- I a i r\~\ { Jjl\ JLcljJjJI Jlc.1^3 tS~i-^-\ <jJL"i]| JLUI aJJ-"i i iU 
(_J| ^—aLij-aJI L_3JL^_jj t4_Lj_*_a ^j^ajl i aajj ULila CjlJ1^oj->J| (j_a LsLu-^t jt 
LlJLaJLJj . tj\J-a i rr ir-ij l^jjlf jj .' *a '_' (jr-^' CjLJ^a-pJI J I (jl_a-pJI (^l^. i_SjjijJI 
CjLulSLal <J1-lJ (_;^I i3JLaL^ j-JlC-J 2 , ^.al'i 2_ajj-~i , nt,l JlcIjJJJI 3j^.Ls j^Sd (jl 
LjjlsIj jj-o^ ^-auj-jdl tl)L3 idi^ajl ^j '•<■> ' /^J 4X_alj-Ajl 0JL& JlLa ^_3 (j^ ' 'iTm 
jl i LaLaj SjL^^a «^I^JI ^^ !."■ i 'ijl L^jJI Jj^jjj (jjJI JLjLlilLa i La JLs- ^1 
JiLaj jl (>SLxj i^jdl J-liJI jLilcVI ^ JL>.G 3>^ ^JLL* UJ^J 0' 't 1 ^ 
jojj_2j i .< ir^ill ,jjs 4JLa iJijJI «jjJj . A iih-sJ,l CjLiLuJI (jl i .it" i .il 4j>-jJ 
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Lo L*Jj-<-u L^jV i4<it*t'si t^U.hrin<l a JL5C~ 1 11" (j^J! 5Sj-uJ,lj 4-ut3l^JI 5JloVl 

(JjLSjJIj ij 1 mil,! <-Sj-«J 4_Lajjl^i.j 1 JLcljJjJ! jj-a SjlcLs J15-U JJLajJ 
SjLv VLaX.1 *-»-IjJ (jl tjl^jjJ! joJLtJ aL*1aI 4J (_£JJI £gjLiII ~ -^'''j . 4-<JjVl 

^LU ^ ^ijj 4J <jl£ |j| -.2-3 
SjUJLi <_>ijjtj 3$£i ^jh j\ *!j^ <U (jl£ I jl : 3-<J 

iiLali. jj£j SjlcUs^l JjtUo iSjl^IS^xjj^I^^c (I) i-.rijUM li! -2 

. (1 -ijl i^alJl dla) (JjJS (j_o 4ijjjLA 

^J I jj t(J |i,ili,i~ *ij Ji| 2-p.L^s SjlcLUI SUi.il^j i-ijIUU J**] I jf -3 

.lJiSjj iSjLcLUI tfjut J!la J1J0 

SLJjVl JSL^JI 

; 1 /1 1 1 ge « y*iS— 4_) d ' * >• ' ' 1 w 1 .. 1 i \s*i < .. « ( . ^ . , .. it ^ \\ /% I L-s * 1 I d 1 - »- 1 t l .**( , ,. y | ,*t| 

3Lctj_o «_o) L^ajJa-J 3ji£.LJ3 jLjJejj ijlj o**c 1 .1L1 JlcIjJlJ! Sjlclja ^j'-j «" 1 ■■_' J j' a 
. JjjiJjI^iJ! ol^iajJ iterations Cj!jIj£i!! {yz jjlc (^lc 5jLw<JI ^^laJjj 
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^1 (((_£Jj» ' ^J'"-^" mj-*J 'jj'^'H 4LL2JI ~JLo._oJI uJL I-"JlC.L3 : l-jlj£j 

(l_gjj i!jL>- (Jj-2j i*-Usj-jU i^-JpLca. 
jj-SL" LgjV j < mum 1-Sjx.La .j^.Ullt SLLa 6 _j 3 j I j^clj^a :2-jlj^3 
.J 1 .il 1 ."itl ^^ j'nr>x\ (Oj-I! CjI j L$J2 3-SjlcLS jLlitj i(_Lt3 ^a ia^jjt^ d riir^i 

: ! jjt u U «jj 

(4j LJLJLj (j7n<j i(_gjj i!jL>- (JjLflj i«-uaj-jU i^-JpLiLa. 

3 j I (jLjj-cLSJ! j < jj 1 .1" . ^j.'^i'lt 4LL9 6 j 5j 3 j I jlcI^s : 3-jIj£j 

: I jut w la *JJ ' jj.'k'lt 53jLcLa jLliejj 
(t-J-5 i5jL«JLi (j7h»j i^JJ 1 !jL>- (Jj-23 t*-uaj-jU i^-jjSLa^. 
i^—au^-Jl 1 U gj". )a t ^Ljaia l_A JLloJj jj>.G /^ZLJ I i6-3jlcL9 JLlJJ :4-j1j^j 

. (cj^>. i» ).} i4_ilJL]u tj"n» 1 i^JJ ilJL>. <J T »-<2J ts-uaj-jl * <^->) = JjjLa^. 

i—fSLi-aj^/l I j >J1 c Jj 1 la a jy^ajuse-a (^ul^_o* LujJ ^jl Ij3^ > U ^ \1 ia 
Tc-UsljJ! (j-aj 'Lf^ LiLila Ij^J-aj >3j3 V JlcIjJLII SjlcLs (jV dJJjj (jJjVl 
CjLu Jj Aj^J (J« ""» 'U (j-o-3 lill j ( _ 3 Ac 3j!M-C.j . I JL>- (j-a^LJ Cjj->J! i fTi^ij (jl 
UiJLufc Q3S-J (jl t^-^cJ liJJJJj i5_iL«JLi (jlujtjj I JUv 4Ll2j it_!jJ! i_S^Lie-i (Jj^s-I 
i<Liia_aL«JI 4j*_u-JI ^c 3-1 jlj i nU ^^ Lot 6-3j^cLaj . I gale <_3jjiiLI JLcljJS 
3_ajJLa ^^ SjUJU>. SjLa 3_sLiJal j_& i J (jlsj-aJLlI 3-JljV '^-Lbe-l La J£j 

:^K Sj^LiJI 

Cj^s. j j'a *U.I (^ (jiujLjj 1 ljL>. Jj^~ (jL^ ! jl :6-3JlC.L3 

<_s}Lii-V! (jLa ij_aLJj_JI J j < mi* LjjlcI *u ij-uJuJ! Ijla Luj^>-I '^Jj 
^L^ill JtjO.^11 Jj-J! (jjSLj (jJLiILjj 1 juilj <jJ 6-3jlcL9 o' ct^ u j^ j < " ^rP*^' 

(1^3 LaLjj^J c-"-" ijlxufjU) LaLaj cLa-jT <r> i."i i .nl 3-3JlX.L9j .«(_!j» jjfc 

ijJ^Lvu Jj JjlJ (jSLaj 4JI jjt (jLlil I JLA (j-a d n U* ) ^1 t_^*J (_gJJI ,jjij jJlj 
editors tc_l2_uJI J-aljJ aI Jliejjj/Ll i4j cOLdl 43j-«Ji,l (jj_alajj) JjJLkILi ^aLjjjJI 
CjLjjA*" ,j£. iJlije-LU 4j>-L>JI (jjj i4j*jsjjil CjLuiIkJ! CjIjlLII J-j-«jv (^ 3ji^>.^Ji.l 
. LJLc. 4jJLlLSjJI ^-alj^JI !^ I Q i fl a. I jj La JjtJ i^_aLlj^JI jjLa^-l (jr^ '(-ipitA 
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^UWUI .ISiJI 

Use of plausibility measures in uncertain reasoning 

culiLJ! (jV 1 1 ju>. 2LL*Ja!_aJ! SLpJI JaU-a 4-JaLlL-uVI 3>UJ! <_^Lu V 

j-la-J 2 j 3.J jn^il (jr-^' iCjLvI""! i hVI dil j£j iSj^J^s jj£. (jj£i La SjLc 
oJLA JLa- >. (Jj-^ SjLC CjjjJa JL3j . i'l ui It 4_Usj_c (jj^3 ^° LJI-C' JH^tl 
iZjLvL1lL-uVL> Slaxij a (j^jjLla 2U , u |jj jl ,",<- VI ^ uncertainties iZjV^jJ.! 
ij-i-ij Lg-ii (_y^ d ri I" -»J. 1 jJj-^J' «j-4 (_JjLcuIuj iCjV^gjJ,! ojlgj d 1 1 .it" i ii U 
irnih-^l jJ (_,J3- iCjLJLlAI IfljUt" ^^1 (jl ' h Vr < iiVI CjL>-j^ (^ ^Lc J*\ uiJ 

2jlj,^A-.tt -jLuJ! Jj3- Skuaj cuLa}LoJ L$lu L«^ 

,jj8 3b? _ajkj TMYCIN J-alJjj (^3 5-aJJr"inU 2-2jj_kJI LiA I gjualuij 
(j ^jViV ilt MYCIN £*Uj_> <y3 f JL^ulj j-i^JI iUlaiVl j-alj-i sLu ililjjt 

3 a I" jJU JjjJaJ! <j-c- * j -t!- : ? , ' u " 4JjL2l! oLculjjJ! (j^s j_uSJ! dJLLa 1( _,jt->1l 

dLjj (jlJL^aj <j-uji>jj sedward Shortliffe, ' ^"jji & -ijlj-ij oL-uljj LgJLa 

(9) (8) 

Henry Prade Jjjj (^j-L&j Bruce Buchaman and Dick Duda tajj 

(jLu J£LI 4-lsI JLi^a jl JLaIo.1 4j>-jJ JLjJLr>o ^^i^- «L2jj_LaJI ajjb bJT JLiHj 

CjuLj_J| (jl (_L*_a_i 4_aQ]l 4_jjJ1 (_l*j) I (J-U «L>.j Jjl 0JLA 7-jljIijj CjuLlaII (j_a 

j-a-LaJI Jj-aJj i(ju^tULj 2bjL£ CjLiLJI (jl ^yJJUj) I -j (jL-j^taJb 4^jL^s 

(j^o (JjSLj loLJLaJI 43jiju I jl (_gJJI jl>JI 0, 2 3-ajS jie^jj . aLiII j^'qJI aJlc 
iCjLjLjJI 4J£. eJjJ Ijl i^Jdl ju>JI 0,2 JJt^jj iSijLua LajLo^.1 Jj?<1,1 
r- (jJLlII JSLAILi I (jLu jl 3_lUi3 3-JLtoJ <j£. j^j«Jj . 5_oL^ LajLIcI (j£-«j 
3-a.La L^LlsIj ual, Q^SLu-u ^ylll ii_i«l SjLcLa Ljjti^. (jl£ I jla I jut (_,-ILc.j S (I) 
(j£_aj ^La i^ila 0,3? (Or JL<to-^l ^-j- 5 CjjL^j iLikelihood value 3-Ljjla 
, 3 <j-a jj^I SjlcLUI o jla ^ t_i JLCo.1 5^.jJ ojSi (jl 

'.j SjLcLa LbjJ (jl (_psj"iiit .Sjl^JII J^tC CjLaJLaI.1 

J <= = = = = = = £ J (_1 J f (jl£ I jj 

0,7 = (r) r '0,6 = (i_i) r- .0 ,4-(!) -r iO^-fj) t- 5_i2l j ,^ a 3^.jjli 

((j ii U i II Jj^sjJLi 4iajljjll -r it_! 1 1) SjLcLUI 3-ajJLa 4-i^l J ir^ia 4j>-jJ (jjSLi 

0,4-((^) c <( M c '0) C^ ^ l= (5-a-^) C 
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: (-Jb j a 1 JLjej-m u i 4^e_u_L! 1 4_l3 1 Ju-*a_o ^L^J-S Q9^ L ^ t -*- J J 

0,32 = 0,4 x 0,8 = (j) £ 

4-jJjI 4-j-alj ir^i a 4_«_<-3 ^J «J» (1)Llj (jl (_psj"i li 1 1 . CjLayL«_U .jlj_a j<sj^3 

EMYCIN..,,, i ^jS (2) ^ 4^alju^a el*.-^ ji£l CjU^L^ ^>alj3 fu .( 1)^ 

•.(^j 5 ^! i.mh->. 4j>JLJI ^jllju^aXI 

c^L (2) tJ (I) t0 K lii (2) t-0) C& L + O £T :V J ! 
vJl^JL (2) CJ (!) C ^IS lil (2) c .(0 C + (2) c + (I) CT :Lul5 

o!jLi| U4J (2) c j (I) c o^ lil = C m ^ 



(12^1^1)^^1-1 _^_^ 

.3jLjJL>- Cj Laj I < a j^ljlu q r-i ? m jl JUJj JL3 4_Jj2l 4_l3 I J-i^aJ. La I j£_Aj 

3JjLjlI IjIjlLoI 4J0I ...jl I -1 j'-j< (Lu^)j (Vjl) (jLjji^LaJ! l?^^ ^J 
L^T^ (15113) Sj^UJ! jj^aj.aJL^JI ^ ^... IIL^II v^VUivVI 

(_3j|jiaJ! ojut (^ jLUj.1 (jja (jL£ JLSj . 4jJLJ!j 4j^-j1! (ajil! Jj^j (jj-^J' ^iP 
4_LaL*JI 2Lc^»Jt! (.-.Sir JuSj . (2) £+ (I) r- = £ .UjimjII *-«^>J! j»l jiei-u! 

(E £ jl jL2^MJ t-iLu^l SLo^i. jj^J! ^ jJ (jl£ I jl 4^1 EMYCDSf £^Uj_u 
j j j ta3j 10,99 - = (E) rCx$£* 4-21 J 1^1 U 3_^ (jl gjjj Lg-Laj) t 9,0=) 

lnU»/q i0,9 - = (E) £j1 jLZ^MJ jls-Ij Liiiiij i(tijljj» j-jjI jl) Sji^La 
jJsl^J! ^ (jJLlI j! jlo-_jJI i_JLaJI (_<ji,itl jl (j-ulaj i0 , 09 . t- ■ j r . ■ 1 T 1 £-*jJ! 

: Lal_4J 3 lih-^e-a 4j*_lu 3JljJu>J! SJjLkJ.! w La »~j i^j^VI <— -1 1 i i n^/1 f-i*^ 

0,90 = (0,90 -l)/(0,90 -099) =£ 
. I JjJLaw ^ 4-JI mtlj 3_l>.jII (<u2JI £ju 3>^' J^LIj I JSL&j 

•.(^bjl l_(jfc Ji^^ij (jl l_Xj*JJ 

vZjLvLuLj/^U w La «" j^lll 4-2L> i^iU jl (jl iM-r'iiiVI jl J-2iI! ^^ jl-l 

3 jSI Laj»j CjIjj_la i_l!Lu» (jjSLj JLSj i JL>J,I j^ji- I Jj^*_' 4jJJLc 3-<ijS (_yA 

( _ ;r JjJ_aj (J_LJ_4J ljr &, CjLjl I utIi ,iV1 j<ijS «_L«JtlI cLfljLJI 3JjL«Ji,l (j ?-(_! 
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■ 3 h>>Ljj vZjIjj-la L4I (J-ujJj i3_u| jj| aI£^.}U 
V-jIjJs jlicjV 4jvL>JI 3 j a. I j a jLi£.-,j-«-3 Q^ljl^ (jj-LJl LilLut Q5SLJ JlSj 
jljjjjl (jj jitlj j<u i^JLl^j (O-A (_g JJ! jlj-2JI jcJLi^aJ jl J-Ua UaLflJ j j < 1 >n 
JjLseJ (^ j-ll u, 2-laHI j/Crtitl ,jji fjU! dilj <G| -jJ^Vl 4ajLSJ! j^^k: dLb 
j_j-jLj_U (j_a J£LI ( allien J-Ij al Uf I 4_j_ilSLa| 3il_Ual £-a 1 Lifl> 43l£L«-a 

.3o.jjiaJ.I 

43j ajx. LtjLlc.1 (_ya Ji/LJ 3K .Ml <>J-& 3_a*JL«l (j>i-l <2jjJa dJLlaj 

(^jJI Fuzzy set «3_Ua-aL«JI <Lcj^j>JU» 3j£La 3_2jj_LaJI a JLA a, dir" 1 .i"j tOLJLuJI 
l£1Lj ^^ 3_Ua_ol_«JI 3_c.j_.ijjJ, 1.3 .a__iV! Jjj La-Tj . Zadeh 0_ilj I g a. j La 
l_o (jLiS-I L-$-i-3 j_j-uuJI (JjSLj (jjJIj i-_=_-i_alj ._jji_- LgJ (j-u-J cr^' 3-l_9-«-»Jt I 
»-l mill 4__j_<j_?--<- (J-_« i^-jJeJjJU ^JN mi ] <* 1 j ' -a * J I aJlC ^—11 ^ M <>.«!1 4jL>. j^j 
JJLaj _£Jjlj .t_il j Mill 4_u_a_i- jl -jji ir^itl CjIjIj 1 ,ill 3_c.j-«_3-_o jl Cj^__l«_>_!I 
Function 2 a j La j ^^ 3_Ua_al_c. 3_cj_«--*_a (^Jl «(_-__. jl _ij-3 3jj,:-,<- 3-3-j.. 
I^t nil a jj--*-'! J*--^ (J-° c ^3-<i^e- a A^*J 1 nXvLfll IliLi. 4-ba '^<- _£ J-« _j uLu-J 
d njlA^JI ^___. _La j 4Iljj t't^ic 4_vj__ (j_uLl_ --Ij-U ^^V mJl ^ of _P-4-> (j- 4 ^ --J 
: Jjii _jl (jSL^jLS idil j (j .hJj") (_--JI 
j__u_a cGjj_Uax. 4_a-j_i tJ3^ 4_u_u j_*ui_l (jLS l_}l jffi^ = (I) Aila 

i_i__a —(2) __! i_La 

j liir^i =(3) -i! -la 

4JLjj i^f 5jvj-i (jjS-i olj-u-u JJji 4>aJI J-*^- O^ lij , 1= (4) tiJ Jo 

, 3 =(20) ^J Ji 

, 7 =(50) ^J Ji 

l=(IOO),i]I= 

lj_u^ juijjlj (j 1 nil jj£ jl t_il 1 Mill Sj£La (jla 1 1 <jU ^jL2JI i La a. N j L»^j 

V jl j ~rVI ^ jLmtl jli.1 ^jj 3_cjS *LLa^:lj ^aKlLI 3^,^.4. .'i, ^^ic | j^ 
.«4xjJLSJI sUjjJI)) ,j-o lj_u^ jj^I t_lLiJI ( _ ;r XJJ^2L3 i ljr xS^l j_al 4JI i'Ii". 
(-JSj 4 < JaJ I ^—3 4^-olj-j 3jLc ^—5 4_Ua_oLijl «LC9_4->JLI a j j a rt jj'-^ Jl^j 
S^Lwi ^ (6) PROSPECTOR j_j_t_iJI ^LiaJi J^ij cic.o- o-^^ 1 ^^3^ 
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J 1 mi j Lt£ j SI 5 >JI 4-jt ir^i <j_a J^llI! *Jj>J oL>.j.J (j-ljj^III JVjCL-uVI 
(_3-jJI <LaL«J! 2 -i j all ,2>c. La 2^.^\ 4_Ljjco <Li-l3 4j JjlIij mJJJI mJJ-U I iajf 

i^LLo AjJI Ja-i i '-» 1 «(j ■» J j U» eJjL^s ii]l_L& Q^S-J I <mi'h .(_JaJI JLtco <_y3 
x_aj '(_,•» J J t->tl mJ J-U I J-A 5"J^ ^° U^Lp* 1 (*-*-" iJaJLua ^Laj^ jLp£.l (j£-4J 
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<— -a 1 » j" i ill ij^-i (jjjj-LaJI ' a i iVi ' a (_yfl Otj£ ...» 

id-UJLJ (jl [^-'■-(ji^. <_SjJ<jJlj (jl Ii^itII aLl!I AJ (j A II 

( JS. i"m (jl 11^1-sJLl ( _ ;r l3jJL>i CjJJLalL-ul i JL>. (_gl (jr^-J 
CjJLfliLJu I jl OuLS i3j_tx-« cLUaj^C JgjU->. jj-a ^Lc 
t(jo£Li I jLa (j£. ^J^-^ liJuJJ (j£j (*-v9 ' ^z^- 1 (l)" » mi 
LaJ-Lcj . 7r j i". Jj^*_a 4_jl_i d ii 1 1->" (jLi *_l2j JlA^ 

V tiJut x_a 4(jl^a-o* 4_i| (j9-dJ (jl lLLqLqj dJLLa * 'J**'^ * 

LaJ_t£.j i ljLt>- j»l LJl i^i">- (jl£ til -SJ->«J (jl ^ jU" i n" 

VI t(jl i^i->. 4Jl JaJJJ (jl f jtVn n" j^£i ill-La t_jjjJL 

. Jala ^.1 Jjjjjtjl^ lil La J^23(jl^jU"i,n" V iilj! 
lUS'q > jU"ii,i'q 3_jLoSL!I 4aa Lxj Lu>a * , * aj Lajiic 

4JI Jj2j (jl ^jU'ii. i " dJJl Cr i«-a-!- ( JJj|_)_i 4JI JaJJJ (jl 

(jl ir-i ->• 4_il (_gi ij^»-l Ljl ir^i ->■ (J-ujJj C '-'J-*J (jl ta> 

Umberto Eco jSLjIjjjjjs! .(id a mLi <L3jjlj 

a* *m 

(j^a SJLl^^ SlJLSLl^JI cIjLJLSLII *l jiei-J *_ij 
LgJjJj ^1 jK^Vl ,j-a JUJjJI ,j_a JjiaiJI JjL-uJ 
iZjLJLSLIt a j-tb i.~Mn in JL3J . 3 lill^ca 3_LbtJ oL*L>ol 
'•(^Jj La L$ia j^JJ SjUJLC. 4-flJjie-a -I a i uU 

Liij^j schemas, «3J_aLSJI 3 j a U 'i I, I i_sLi^5jVI» - 

M7 



^LWUI .ISiJI 



.Sj^l ill ,yi 4jLscjI ^ ^Bart Lett C^tjU ^uijul\ aJLJ! 
dLill! ^ 5uL^ ^ (3) <,„mo du*j ^i ojjj U£ ,«iljll»)M» - 

. (5) UNITS j (4) FRL Jla 2-="j-> oULl 3jul <ya *5 .oLujilj 3,i«nUtl 
/j^tj">l^\l«itl^^A, ^.j _'a L)^ ' " U *'J ^"Ll" J"^JLH ftcHiLAftJjl m i nil)) - 

. ((j-oliU! Jir-iiill jiaJ!) 3-ciiU L-i^ljll ^ ill J13.VI 
jj_ij_J 4_j*_aj^JI 3JlI ^ Units «i2jlju>._aJI» jl Prototypes «r-il_4-L!l» - 

.(dJjtLill ( fTHrrVi ^ ^Rosch <_>ijlj J-a-C Ajiejjj/t i^JJ! jlj^>-jjjjj 
(8) SMALLTALK Jia .4^a>Jt oLiJ ^ j^£<> Objects «oUL£JI» - 

. (I2) MERING (l ^FORMES (IO) ORBIT j (9) FLAVORS j (20) LOOPS 

«L>.jJlJ aLc 4JI LgJjl it-lLuj/i 3jj<J iOJect «tjLj£)>7r IU ir-ia ?.^jxljuj\ <_Souj/J 
l_gj-!l (j-ud! (jr^- (j-° Ij-J^ ^-^ 'Uir^d> a ^'' QaTo-LJI 4_a JLJ-" 1 1U La IjjS£ 



I J-A (^ Lg-al JlJ-"u .il *jLSJI 3j tii'tl < " 1 1 -» I U , ^ 1 1 jjjj IjjLC. Vjl AjJLu-u 

(j^ljjJI «.L«jj/i (j-^j lattributes Sjj-all oLL.a]| (j-a jjlc 4J (jL£J£.JL>J,l 
J j, ,^l A", tlj ,j U a , ;, , ^ jj j <j „ L4J ^LLa SjJIjJLa njLSLII jju»o ^pJI 

jj£_ajj . 4i^Ji,lj njljijtJIj i(jjii>J!j ij_a-«Jlj ijou-uzl J a uU (jL-oj^U djr^iV i"itl 
(JjSLuj/ i3j_jLaiI.I FACETS CiLa-jU i .ill (j-a JJLC Sj-tx-a A ntr> JSLI (ja^J (jl 
jjs /^-Ii 4J SL a-Xl f^-i-SJl (j_a sL£,^_aj?e_a l_AjL>.t (joSLl (jl (j£La_l : Lj i uLj^ I g '**■* t 
^yjJI 4_j_U3ljJ^V! (JjIjuJ! (JoSj (jl (j£-aj Lg-Uajtjj i3j_Lall d liiroll Ltji-Lj 
(jLxSJLl ^ilLa (j S -a-iQ i3j-j_a_LI ^ d t * J I ^La-j^ JUJ_>o aJlC JlJ^, jJtlu ^jt ^jSLa-l 
QaSLj J^ (_gJJ! «(_£4J^l2J! 4cj_tJI)) Jila Sj_LX-a CjLii^s 4J QaSLj q] ((SjLuj/)) 
«_Usj (j^LaJ.1 (j-aj • 4cl 1 nil (^ !>ij-a I 20 j 70 (j^-J 7"j'j-" 3j '<ilj^l 3-ajJS 

I j *s i» j i4_i_aj_«JlJI ,jjs jiir^ii jl J-J^l J^-Sj 4_o-jjs j^j^JI pi i .ill di! j lJr £ 

I^jUJI iJ>»-Vl SJlaVl 4j oj^ '^J>«-^ Ct^t^' O^-" J^p^' 6^-*?J 
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»...IS.. q JI obLSJI 

3_aLc (j^lj^i- -^j^-j ("-^o ^La^L^i-VI o-^*j ^ 'ij I ^ 1 1 flj *. j ^^"j i Ljli ulj a 

"Lal-nill Jj-o-r - Jj-a-iU 3_l<LuL>. CjUI m i ill CjLa^Lo-VI aJJt QaSij JL3J i4^*ni« 
(JjC, I j j u * oLa^LLs-VI a j_& (JJ^J JLSj i Lh^ LgJ?^ (O-C-J J^i=J ^ (j4^ 
■"'I fl-i^aJI (j \c j uajjl (_£ jJI r Ja-a-JI ^ j-3aU («J (_yl!l 3JLl3jJI Jjii^Lfllll 
<_j-3 ?-!}a_a_cJL> i^j Mill 5JjL<La JjtJ j-o-VI pJ-tJI I J-A AjLitl<j/l JL3J . <LaL«JI 
x_a ^I-Ljjlj ^^jiajj-a L$_La (•r J ' JLJ cH"^ 13 *J M^-* (j ^"'**' 9 «fj jJaJI ^J^J"^ .""II 

CiLa- j U i .1 II (j^-i < _i i_dJ j *_a LgJ (JjSLuj/ (j^Jj ii_3^jj>J.I Ijjalij^l r-jia^-i 

.tUljdLl (jiajjil I JL$J 3j^sL>JI 
d j i<*>1jll£ x I retail JljJL^IIj 4_uS_t^JI CjuLjSJLs (J_u_aIUl (JlJ-* 3 (^ * rt 7r o I uJJ 
4_a_Lflj iUxblj^l *La-i3 (Jl J u i .il jj£LxJJ iSjJLK-a ClLajUa j^Ijjj V La jlc 
,j_o pJ-JI Ij-A ijl < s \ni Vj 2 S^V 4l>.j_a iJ ^S Sj-o.^1 Cjj^Ijj Ijl <tjJLLi>. 
Jal ui ?tl ^ 4-L*jfcl <U- J jj U a j_uL 4-jLl S^Lc l-Sjju ^ jJlj-jVjd^VI 
(j-aJLiJI (jJjVl 3^>-jjJI j U ' aj 4J£: J^ 1 ^' ll£-*? Vj ^L^i^' (j-tAiUI 
^ 2L3jj>II <^c j-iojtlil Sj_uSLII LjljJ.1 I '<-r i^jl jJsj . (*_<-uLlJI J.^Atl jJaJl) 
j_ujGJ| J i^i'^VI (j_a (jL^ <j£Jj i4_uljj>-'yi £lxIj_A! I i" Mi^Lla (^ 4_lLla 3jj-i^5 
CjuLjSjI a! JL?-"u rii—i ^J-LLallJI 4JljjJs3 j^)^- 4 -^ 'P?- !^ U '"' L^ «J °^ Q^* 1 (2>£- 
4jjIjl>- VI CjLaymi »IUr Li i(j«j>.jj1I-4_lL«Ji.Ij 4-uljja.VI) (jGjj ir^ill rj- <j-° 
KRL «L?E_aj-_Ljl 4JLJ ^J a i"mj . ^jLoSJU 4_t_L»_a ^s\^>. ^j ^* l «_a 4jjJ)j-Uajl 

idomestic «4_lL».I jJI» cjUIj^VI ^ n . .m La tllLi^a . Jj^_i3l jji-c^J <j-a cjI«Ijl>.I 

4_a_^3 jLjcjI J!la iT-La-Ll 'UjJtA CjIjI nf *I^V c^*^ o' c r tJ ?^ ^° - i ' J - > <-' C3^" 
tc_jjLj» 9_A ^jLlSLII (J3^-J LaJ_t£, dJJ!i /^-Lc AU_a _^«'-"j .j^^ol^iJI ^j^* i 
LiKJ^uti! i U jg m ^1 «5_^jL>JI» tuUlj^-V' ^JLufcj i Jju Lao^ «j»3^JI 

tt-^\ Ila ' iQ Ji I *LSJJI ^-5 3j_lJL?e_l Sj^LdJl i>J_A i."i i iMlj-4-u-»-a Js3J)j-iIo OtiLd-r»o 

4-JJ J I r^l 1 1 CLC.1 J Ir^l tl jjl-J rj-^' I J-* ^-^3-i3 • ^ .i * ■' (j^J '^ a 3J_5*-_4J0 ^^-^ 

^"AL.^tl jj^j^j^JI JJi Lajj ti^p. i4jJVjJI v^jLClAII (^3 LUajl SjjIj^-VIj 



• <jVI 



Cr^ t^'j^T^ 



,j_a La iiO^. (jJI j-Ia-UI ^jU"n, i " (ji p#l\ ^ya 4JI oXhH^ t_j^ lijiS 
c1)Jl_>J 2iLLa KRL, ^--3 tj)j— la-ij ^ I j-j>.^o_lj J /j La *^ a . 4_olLse_a j-Laj '"*' J^J 
aL»1&2| j^J-y Cr'-J 5JL>JI ^^-i^ i4l>.j^ J I (jr-iV i"il SjLjj Lai ojLpcl (jSLaj 
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3 lj i ujj 2 ga.j (jlr aLCLaV! ■ ■ i -» *j'a 4_uliJI iJ S La? i( ^_>_L«JLl (j^sUeji/VI ^c 

«L>-jJlj L±jj_3 La r- jj_a-i (jL£ lj! La j_jj_2ll 3-aLc «L2jjJa i-lJLcji o^J 
(_^ajl • -— —— t T (jj£Lj La LJLcj .4 Ac <_3jjijJ! i_^*J (_gJJI ' a «j 1 1 jjjs 4-l3L^ 

(jJI i^jJj -La ^j^Vl ^iM i^i ^Jl jLpj.! (jiLIj .5-ij I U 1,1 (4^1 3_aL^J1 
jLitj! ,j_a jlj V «ul Jj 5 II LuSLajj . «JaljJlj r JaAlI! (>u jj^I v^jLa^Lo.! 

(j^stj-cl Q5^J LaJLuLfl '■ a j j ? a !jL>. CjLa^Lo-VI aJJt JjLcjj LaJ_t£. l_o3j^ 
4jjLvu 4^e^» (j-a ^Lhj 4_cSLJj i IjjyLLl ^L 4IL>L^5j *_a d j mi n" a ^Lla (jiijjJi,! 

.3 nt^i 5Jj-b <QjL^I JLto.! ^ jJiJJ! jjjii^. c-^t-ta i«loose cough 

i JjJaJI *_>jVI (J^sIjJkJL ^ jU'ii .ia ^'v i"i < nr^i't jji JUjJ Lui (jlsj^! 
2_LaJLsc_a ^ j S^ aLsjV! Jjutj (jl (j^Lajj . Q^JJIj j£j-U J-^J-«J i^jjjlj 

jJLa 4jijIjU 3Jl*IjJ.I (ajil! Lai iSilLil <L mJLlL 2U^'ij ij^uJjVl ^"h^LcU 

J*C ui IL JjU" i .ill i fTi^ij OJ^ ''- JL| * tr^-3 'ijjjj' j' J flj^al jl ij_«j»-I (jjSi 

:^LJ! 

1 i L-s**i , ,, I I t /< \ vJLj) 

(((La ^j) JUiSJ!) J^J!) 
(((La (Oj) a^aji) ^jjlJ!) 

(((La ikii) 3_^|) ^jX\) 

((((3jjl j^.lj-^.1) oVU^.V!) Ju^ii!) ^j!) 

. 4 I ".MJ-ll CjLrjU I .itl (j ^-H J 1 (jVI ,_pSJJLJj 

^jt (2£-3-iJ i^jLSd] 3j-j_a_U ( _^1^_>JI j^JL>.! *t-a_i3 0JL& _}J_>uj . 4_a_ui]1 -I 

.array 5-a j n < r\ a jl i3_c.j_aje_a J I i4-ai£ jl iro\) Qi^ 

^L*) : JLLa 
(((0^1)3_^t) Q^ij!) 
4jj^5L>.)) (ji! ^#a (_gjLSLi! Sj_usi,! cjLii^il! jl»-I jj* q^III (jl I J-a i,^-"^^ 
jjil .«j_flj-af» (J-&J ^-^ L^J SJ-ujII Sji^LjJI aJJt (jlj iattribute> 3j^j-<j-a 
. (j«j>.jjI!-(_gjL(SLi! 3j_udi.l 4jj^5L>JI 'Laja ^^ « j li i r^i I » 
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»...IS.. q JI obLSJI 

3j,^LaiiI uJoju ^1 4-lUsIj^VI 3-a-LoJI ->J-=JJ .^-Ualj^V! Jjjull -2 
(jjj (_£>i-l < *-*t!^ lS^ I4II' Vj*iml (jSLxJJ .,_£jj>.| CjLaal«_a t_lLj£. JJ£. Sj-ua-U 
. (j ? U i 1, 1 jj ' " '^ (jr^ - L ^-'- i J-*Ji O' 

((£jlM 5-^lHI) ^i!l) 
(((4 ^!>^! J.JU) J^jVl jo*) 

((^^ 2_a^l) £jij|) 

(((3 J^jVl JO*) 

liilij «4» Sji^JI (j-^>SLI « J^-jVl jji£. 3h^L>.» 3-a-LS Qa£j 4j!juJ! ^ 

iiZjVa.ajJ.1 <j-a 3-ajLa (JSL«i/ (^ AW-^' *" l * UJ^J • constraints Jaj-aJI -3 
OtJL^ liLa ijl j'rVI x_Usjjs cjLtjU . ..It SlU<U a ajStl J5J-2JI oJut j_jlitj 

7r a i n l ^L3 (2A^ (*^ - *-*' ' S J- ' f-° ^ J I' 1 a" a L^- 1 ' I JLA (--i-*_a tjl^ t4j9_}Lt-£3 

.4 ojStl Ju».Lj (jLi L$J 
>*JI) :Jlfu 

(((150 ^Jat) 

^jlS I jl (jl^o-O* jt ^jL-uJ^ j-ajljl ^-a-i*, t _^L^ y i n ^-auj-aJl jt I JLA ^—uljj 

. I 50 jj_a j-Ii^l J I jiiii^i (j-a JJai J-a-«J! 

j^JG LajLLc 1 Jjjill (j-a 4-uaL>. 3JL>. 0JL&3 .possibilities 3-iSLaJ.! (njil! -4 

. La A liir^it 4_cSLaJJ (C-uiJI 
(j^iijJI) : Jlla 
(((liijj^ J^J-a) 3-cSL«-U (4^1) 
j-^j-l.! I a i» hJ-G-ljI (j-Ca-Lflj ,jji1>JI d li irol £\_&U-U (OJ-iiJ! JJLajJ Ll£3 

ijj^ii^JI 2^.^\ neuter }lla JljL>JJ 3-a-tS -lU^V 3JjLe-a ^1 ^LULij niujltj 
.«(jjil>JI 4 nir\\ 4^JL^3 'LaJ^ '."i i njl JjLe-a» Jj-Sjj ^.aLij^JI I ^ i^i'^j-u^/ 
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(jL^ I ila i jjjil! (2>c j-t-utlll (jTj^-1 3-2jjJa (j-Aj ..intervals Jj^sLil! -5 

>^!) : JIL. 
(((150 >*,) J^) 
i_jL^J (<._ 1 1 int 4iij SjjjS-oJS-iLLLij «LiLi (^ic- ^c-L<-"J • procedure «!j^-l -6 
dlj^-l (((jjlj^^l JaLijjV!)) <j-a fj-U! IJ-& (jJL. (j^iS ..-<I-»jU ...tl 2L»jJa 

cLLjlbj d 1^ , ,.lj « 4jM-uiJ p a-i i n^i 1 a$j » il i n~w j^)^- 4 -^ " Pj ' ' "^' (^'j t4_u_u]l 

a jir" i .i"j i(jrUjVI ajj (3^'j I 905 j-jLy Jjl (j I cLfljis- ^Jjjs Jaj_<i^ ji- 13 

: \j£jt,j <4 ,„jj< 3;,, ,11 (jjSj VI Jaj-^ 3_JLJI 3;,, ,11 ^ 

(((31 I) J^)^) 
(((121) J^)^) 
(((990) J^!^) 3_L^) 

£^yt-f.jj) 

((jo/Vl . ..*£}£]! jruSVI) JfcjS) 

UAii) 

(((((3_L^I) 
'J ^ '"-''j '^r^' ^-*r^ JL>-Lj 3jl£,L_u_a ^ ^ J K (J' a "-^ l_£LJjjLUI 3l.it (J_«a-*JJ 

3 A.^tl 3-<i-l3 Cjj-Jlj I »iK JLoJj (jl v^ 3 AjUj jjlj>o . demon 3-<-uIjj>. -7 
JJtlLj (jl 4-&-«j ^gJJ! «jjjJi,!-SjL<i/l)) (jl_^ LbjJ (jl^l iLa .ajJiUil SJ-uJll 
(j^I j_Jlj I oK 4_uJiU 3jj/Ijj>. 3 ajlaj 3j L£ (jSL^jta ,j .•^■^Vl j| j_«j>.^l Q^lII 
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»...IS.. q JI obLSJI 

((((t«lJI) 4*2) 2U^) 

'.(^yij Lt£ 4-uJjJ! cLijJaj 4jLj£ jjSLxjj 

(0>U! jtiil) V^O 
(« J^iAa J L^sJ I )) j_«^. I) 

(((«^^jU-J!»>^l) 

.hierarchies ^jAJI J mini ill 

object programming languages CjLjLSLI! 3j=-oj_l!I djLiJ ^l^i. «jkt ^a 

jjLIa (jL^-i-fljjjij) 

((« j _i taj » C)l ii ir-i) 

050.) 

((< (J ^;» o>uo 

((lSjL*) 
050.) 

((((jjUj V» Cj I n i a) 
LlA <(a» 3-° j H t<M ' ' "„ *LijJ ^-oljj-j SjL^l i no 1 ^—IlUI jl^_>Jl £ljj>.! (^A- 4 - 1 

.£^aLjj_AJ «i_l» j_ajjj £lxLJj_J! Aji>-" i nt 
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^LWUI .ISiJI 

<(«LaL*_l» ^ q**i i ii a (J^ j-iloLua Jl>.^j (4_aL*_l diLflj at) '.a 

«jj|ia» ^j" i ,i a lJ \£. JL>-jJ (jSL!j «(_£jL£» jjU_i :t_! 

«(_gjL£» j nir^il :t_! 
.«jjliaJL!» 3-aLnJI CjI liir^ill *_a (jj^ljjj 2 « 3-a Lui! ! » CjI liir^i (jl iU-wV 

Handling objects tdLiLSJI J$Ud 

JuJjlJI tj\j (j_a t La I ^Qj a jt La (jLp ly^- t — ^>*-^l 4jSLuJL (j VI (_^IajJLJJ 

I (j I J l (j-a (JJ^-J La S^Lc i lJr ^i\ CjLs^L«JI < frl"iV<u 4iajljjl! CjLJLiSUI (j-a 

«_a (j-ilj i_gj-JI (jLiSLII jujl>o jj* , .J I U 1 1 j 4 w "j jtl J i ill i n" 1 1 cjLs^Lc 

fjj^ajll (jL^ I jLa Jj , ^A",tlj Jjjl U'.tt (j_a(jSL«^J jJJS j_j£|_] 5l taaJ I ■"«! A.^ljl I 

tjl^ i jljjl*jJLi jil ujjIj-^ oLiljUi^V jUtl (j^jT-Mritl ^ c^tJ! juJa 

I j~ j -i mJ ,j-a J . Vai ^ < , ^ jl I AjJI j "'* 2U1-.X 3JL>. i3jo i n"t J Lga^VI (j-a 
.(Jjj^sLill! (j-a j-ja"l ljJJ9 (_jU<"l (^J^l djn i n'ltl (jV i^i i>ijll AjJI j-fli 

Szolovits): ^jilsjJ^}-") <*J^Li v2jVL>. i^a^-J loLJLSLII (jjSLj La 3 jLcj 
liLJUJ! oL^lj^MJ 5-ajLa ^ }L*3 b_j*._jva jL£]| (jj£j Lajuc.-3.UiVi 2JL. 
. I ( j 't^ jju (^a distJI i^j^*j <^jJI 
cj! i^lj-lLaVI 3_ajLa ( _ 3 _a (jLiSLII * i<ij u>^d Lajuc-2Ja uu 4 i A 3JL>. 

.cLajLoJI ijjufc ^^a ^L*3 4juJsjJ ^Lj^LCJI SjJiJL (j-ujj (jSLIj i la-j|j_la-a 
*_uaj (j - ^ (J?- 1 .!- 1 lP^L)—*-^ Lr^ O^ **J ^ UL^- 5 rt ' '^-^ la ui * j-^ 4jL>. 

. «ua j k m aJ jl i^jLUI tuLblj^V! i^jLa ^ (jLiSLJI 

•.(jJLlII J*C uJL v^jLlsljiaVI jLpi.1 4ji*c < la ~ La SjLcj 
• VjVI ^LUaJI JLijI -I 

4 ? I » " II JLclj_2JI AljLitjjj/Li d ii I" -»J, I CjLxislj^^LI CjIjLUI J-^aj -t-J 

.0L.LJL. 

. <d_t_L»_a vjjljlJL L^ixla t" u ,l-> \ ^"i*A V 1 (jjLA ^_ ■ u o -_>. 
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»...IS.. q JI obUSJI 

jJa Lxjs tCcSlJ- (_pll vZjLjLSLII .-»I-»jU ... sLlUsLi iZjLUsljiaVI jLpi.1 -^ 

j-jJ_Lcj iJ-j-3 (j-o 3ji^>.jll (JjjLiL^JI (jjs SjLjJL>. ,jplJr»- r b i" . , il ^1 mJ-JJj 
(jl -Ajj-J I Jj '(^-0 S^iajJI ^1 SjijjlII 4-ul£Lal *_a iSjjJLa. CjLusIj^I <_sLiiaj 
^—aLlj-aJU 4JLu_ut 4_o*oj ^2^-4-JJ .jj>-Lj (J J i**( i n 1 (jt c_t^t_l ^—IL^JI (_paljli£ VI 
(.^-Lc J-a- I i- < -3 (jH-II ^-^'j-^' D'- J -" <-^-lJ (jr^ ^JLu) '("IJ-2JI »l iii>i| A jUr «.Lul 

. JlcljiJI SjlcLa 
4jtxa j I j "i -»■ 1 JUt-i-jjjjt'-rilt Si^ o^'j-^' 0-° j-^' A5^J u 1 -^ 'M "-* 
a jut (ji_> j j j i " It £G-3J_a 4-^/1 j i .i *_U^aj-«LajLoJI (^ CjLUsIjj^VI j-j-«^>- 

.^L^Ij^VI 

Olijhj I jl LUljl_Lli.l SjLc »IUrl jl tJi^Vl jLOi-VI j!>i-l fUJ -J 

2 .j I U 1 1 Jajj Mill -i j/ a 

Reasoning from incomplete information, and by default 

i_jLj-C (0-C.j-J 4-jJV J" i ..a I CjI j I a < tl <i h m i j»Lj^l (jLcojVI >_iU" i ,n 

.j-^UI 4i>Lcl ^1 l 3 .~v. ^jjj V ^1 3±aL£!l oLo^Ldl 

«Ui2jJI JjLuuaJI 3_a«^La ^JLC Lij-iSLflj Sl^bta 4-uLCal (^ i.'.tjII jjlJ JL9J 
pj^JI f-Lul ^ 2.^al''l cuLaaLdl 3JL>. ^ IfllMirit ij!>aJ! jlitjl Sj^a- ifu£ 
u^ cJijL*jjj/l i Reiter jJLjj Ji^-V La^ il_L& (Jjjj . Sj^tAJI <j-a (^JLjJI 
* U" i n"t («J I il» (_ji^- <_>-aJj sLxjj_i^s 3JX.LJ3 i J7 £-\ \V> ir^iVI «.l£jJI ^-aljJ f-J-aj?- 
.«♦... (j jl iCjLaaLtll 3Jl£,L9 jj_a 4_LjJt_a 4_aaJU_a r"Li_uj_ul 
*_a J^Ujil 4 Ij i .ij LcuLuui jjfc sLlusIj^VI d njiitl a\ jiti<-ul-i JVjGjj/VIj 
»1 j u)VI -n la * rt » ^J^ mi jl>.Lj 4- a .a- t JI 3Lj_>jl /J& JjjlJL^JI -n la * o a . »1 uut i n V I 
jj_j_laJ| ^ k < a )) LJj^ JiU lLL! jj .« I jl^ d riir^i LgJ «Lui/VI ^ t^ < a » jl « I j£L& 
.«. 3jJ ' J <4_aL*_ul I JLc La \jjaj\ » ^laj i uj ja-ilaj| jt_j_aj>.)) ^^.ulx-i « j j Laj 
Jlj ^i_3 i4_Lola_LLI 4_o*L(jl jj-* I rtjl ( ii ^-auj^JI (j^oS-J (J' ^J JL) ' ^ ^J-^- 1 ^ 
^Us^j j <i>i'j o' cr'j^' ^J - 1 " 6-° J>«^' Jtir a (ji^. (j-i^a J-alijj ,jjV 
jj-C ^ j i *"i tl jj- JlJ A I J-A f. I c j 1 4-LAia-Lq 4_j_tii3 m^V CjUi i i i i n 2f 1 )t_j_aj>. 

'.^JLlJI J'CmiIL) 3_L,LcJI 4%ijJI 



155 



^1___>UI «l__JI 

(o u )._h^ a -' <=== ^j (o») t3i>^J 28 (<j_) 3-al__ 28 (_»_) ^>j__ (,_,_ 7) 

4(JIj__lJ_JI » J^**' ' "" 3_L_ ja_d_jl jl ?t"1 f"l i u t _)l_j 1 J_b Lu y gun A (j^—J 
__!j-_2l jjjfi-»o ,j-o -U Jj V i j j LaJ «_)_» 4-Lulj lj-L_> (jl £_aLij_JI C_-uJ _-£Jj 

:4-J_JI 2Uj,„jtl 
(jjj LauJ (J-^tJ-I (J-uJ t^LaLt-u (j— -J-J (j— 
jl _,lr ;^Llj_JLl 3_J_»J,! CjLa^LtJ.! ' " 'j ■ ^"^ I jJ ^ _-5— ) i n a _)J_-J (_g jJlj 

.j_U_ ^_— «(jjj» 

(j-a ___!j__ _-Jj 2! 4-vjjJ! (jUia ,-, J_r~i i .1" _--!l £-a!j_JI J a i""l La 3_Lcj 
(j_a I fljlr JjCL-uJ (jl <jSU-i V ((joj) _J 2 C_-!-_ l_lj tL-Li- <j_ _)l_ l_l» £^j 
jj_a Sj *C n 1 1 _>j__ i.". 1 .ij tj «4-__L__ ((_>") —J O^J - --' O^l "--LJLiJI 3___L_ 
VjJjjj 4_J _-_ 3j-_L_l! _>j-_ Ct'iQi'n J-3j .^-JjVl 3->.jjJI _jU;« ^jjfcLia 

J_aL__U 3U,„I^ (l8) MICRO-PLANNER ^j NOT, J_al_j.il aU,,,!^ 

j__ <J_-a (JJJLJ (j-j-i-a-ll! 4_LL_ <b_aj_i 4_J _jj_- jl <j-U-i V j . THENOT 
7-^__>aj 4_L__lL1 J^L-Lr-Jl (j_a _J_L- _J__ -L____! p*W*M ( n L^-lJJLl _)2 i3j__L__1 
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v^$ ^t^A\ yi^ ^\>k 1 4 



^ux\ 






(jSLIj ii^jjiJ! (j-a pjj L$JI (^yl^. r-jUj-J! jl guj U i"i 1 1 

tiJIjjl (jlr SjJl2JI aJlC (jjiSLhj La LJLc SjJa-JI aJJt 

,_LiiL«JLll Jjj-U li^tjj iJ-j.bc.llJ SJlJLJI 2LwjkV! 
jJla 1^1 1 h'iVI jj'Cii'll «j»-j (j-o '^•j JSLI 3 ri 1" -»J. I 

i*JsljJI fjk tgiJjU ."ill C-*J(J ^-olj-J (_y3 CjLej ^1 dol 
^ 5jJLc 3tLo£ ol j 4j*-aj_iU j»jjl^i- <-3l uij^I ^1 
LjJLv aJlJt'i in" (j^Ll! »^lj-?- Mill 4_Uj ^ (i^t-JI 
^^ 4_lSL«J,I gijj U i"i II *Ja3 CjL^jjs. ^_jLj3 (Jjiuil! 

^j^-iiiijoLu:^! ol U^.(2-l4jSLijJi:i) a^jiiJI 

4_L^ljjVI CjI j I n <ll (j-ojj gijj U i"i 1 1 J!la 4jjl! (^ 
j-JbG ^1 ^>Vl ^I^DI ^ L^JL^ ^J| 
CjLc*_uIjILj/VI (JjiAj ,* jir~i i ii j 4JI Lt£ i4jJL>- j^l 
I o i^i->. L^j^ 4jj.Ijj ^^1 l_kaljll (^ L^aJLJ-" i ,n lJ Zi\ 
^J ... A tlj d UU-i.1 ^-L^tJjl i_£j-i (jl /jj-3 ■*■ o La 1 ^jUJlj 
. 4-aj I r~i -»J 
^—Jjt jj-° /? 'J La ui II c_ cjlj ^_alj-i *l_u tl)lS JL9J 
JjJtJJ 1(J X.I lUi^iVI *L^jJI (^3 qjib-LJI oLaL*l*l 
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j»U Ja (l) Claude Shannon (j^iLi -^ <io.LU JUJt! I JJt Ja jl^aVl ^jl 
7-j-^al jJsj . Jijij <-Sjjc Sa «(_y^.l ;U,^VI ft l^jJ|» aj^I ^SLj *J LajLLc 1949 

jajill ,j-a <icj_aj*_aj 'TJ^' <J"^ ^J -0 OS' ' "^J fci)*^ Jr!"'-' 1 -^ LxU^J (j>>l-<i 

.3 = (jL^^JI '3 J_uiJl .5 = iLuLk!! .9 = jjj^JI) iitLUI jJ>WJ! ^kiJ 

JLa-VLi i4jjti!l pLxisjl ,j-o J-^3J L^l (O^J-Sj (_y^ Lg-al Jlitjj-uV i(l = ^j's mill 
i(3jSUil 4-uoJLoJI i_jKj_=cjJI jji£:) 4^JJ>J! (_yi£. 4jda2]l SjJLS jUk:VI ^ 
(jjiii lJ a sLvjJijJ.1 jl SJ^jjdl jiil i mil 4jJLj/ *L«-i3 »l Ur I) jiil i .nil jajjajjj 
,j-a j-jusj J£ (j^-jJa-J! ^ (j^Vhj SKmiU 4jJUI <L>.!jjj3! jl£o . (5-iJjJI 
jJa-JI *J ijjjJ! 4-ik: <J jjl (_^:>U 3-&Lall v_jl£j^»JI *-J-a^- (^-S-utUI pLiijI 
l-ij (jji>-J ii)' L&*} Cr^' CjI£j^>JI i_o£j i4 o i^i-»J 4_cSL«J.I -SJ-ij-JI f-J-a^J- (^ 

ija t_4^.^U j-i^j J-^sl (jJJ lS-^P (_^JI ^j-^JI j^h^' c 1 ^ '3j*i!l f-LUsj! ,jjo 

.w_oLJj_JI 4Ja£ i^gJJ! igj-a- Mill i_^jiU 3_JLj S-^-j- 
a_j_jJLj ^_aLij-_i j-jalaj (J>>l (j- 5juJl>. 1j-jjL*_o (j^ojLlu r* ' fll> ^Ji Jl9j 
Richard Greenblatt iO^Lujj^j. jjLiljj r>5a\ J-ia • gJijU uJI 4jj<J f- Lisjl 

J_t-aL>jl c_i£,^UI * .LSe iVit^ILalju aI JL^-**u nl 4_j_lSH1] (j h**i < ii^ ililfujLa JuJ-*_o (j-« 
(_, j i ii it! (j-oVI (jjLi! ji-Ia i*JaJjJI Jl Juml (_yic JoLSJJI (j^a JJlc. j_i£| (^lc 
JlLa i(j-\_>J1 dJJ!i J_Lo m£jj>. I j-ul_*»a dJL>Ol Ji^J T 'J '" (jy^-*-° (j-* J^ 
jut 4_uutl (jl VI lA^jcjjJI CjLuISLoI (_ya (a£iti!lj i_xjti!l jiij-o (jr^- SjUj i .1 tl 
(j_aVI A j <i ItA ^Lj_a J ii"'^ iu « I II >L(j| J^»-V O^J (j-a l_aJiitJ Jl^ j_uL«J,l 
.^Al\ £y> i^jJI jJaiJI CjJburnJ L*K (jjSUJ L_cu^Vl 
LjJLr>o lLLIJ j-jjX-I igiJjU ."ill i_ij(i) ^-oljJ ^l-u Sj_a JjV 7"j^l LajJx.j 
(jl j-fl i^yC I ;U,--.VI s l^jJI ^Lal 3I< i^a ao-JI (^"t- j^JtJ J'j^J ' La-Jax. 

a^L^vi jVjcl^vi ^jio j-a jiis v (1984) (j^i L^jL^ s^ijiii ^aijJi 

Luk iJLy combinatorial explosion ^ Valy.tl jUtiJiVI (jLa ■ JjISlI JSl ^ VI 

(_jj2 pLUsjVI (JivJ ^j^jA", , ,./i (*,TEJ «ljj>-l I j» a (J-L5EU-I ii J pl I n"VI ,jjl 5j>-jJ 

Ja- (^1 Jj^sjjJI fjS dKi^U jJL*uj IJL^Jj 'U^l J-^jjJI (j^-*J (jjJI 3-utiJI 
*Jl£. (jj> j«x.jJLi i^LlLI o^^II Jjaa. (^3 4JSLaII JjJjJI Jjiial (^1 i J>J-2-o 
cLfljis. (jja (j^-ijii'n ii U i.^.t jll >lj^>-l SJUcjjj/I tt i>i"i"j . i.~it jll djlar Jl a'C'n ul 
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(jLa i5^j^>. (ji_Jl_«JJ > I <~ r- 'j la ui J I jjj (_^ cj1^j_>JI > U , „j~, /i £)l£ | j| <u| 
. 120 (j^l lO.jJLj 2u*lJ 2UJiiJtt ^Ll^jSL! Cy Kll jjuJI 

3^2ai»J! jLio.1 jjir-i_i i4jJ_lL21II 4-2jjiaJL> Qa-iUu *• fl'« 4j*jsj_i 3JL>- (^-Sj 
Cr la. J A ,„V (jJLcf ,jjj i^JSUI! ol^jjJI Sj^ci («J_j2jj 5_utill ^ 4JLJI 

„J tXaVl)) -jj^cjj La 3jLcj .<d 3jim(!L «J.^aVt» fj^UI jjJ-JI <ul£. i^J-II 

ljL£j it, . < I j (_£JJI jjfc (jiijjjV (jl£ I jLa . 3.}jL*-a cLiJaj 't-*^ ^ *° ' "l^ ^-* 
£lxLJj_JI (jit^ ijj-a-U^f! 3j^ C - "^ ^ iijt\all 4jJL«JI 4-«-l2J! (jl -}JL>- ^-aLJj^JI 

i( l> o_ijSL! s- lJL ^0 ^ J J-*-" jl2jJI ^ a a- iStl aj}j <_p]| £>aVl jLijej (jl 

. minimax algorithm (^lc^/l 
iUj 1 .it JLia^j . I - I4j£_»i (^ LlA AjLJr'n 11 U gLjjU i"itl 4j».jJ JjILaj j^Jajj 

B 
7 
6 
5 
4 
3 
2 
i ES Ki 1:1 o wM B El R w 



rpr 




B 




K 




Kt 






p 




P 




P 




P 


































































[p 




P 




P 




P 






Kt 




Q 




B 




R 



J*J W: Wight B: Black iy J 

<U;Ua R: Rook Kt: Knight jU- 

SL* K: King Q: Queen yJj 

JJ B: Bishop P: Pawn gijSL-s- 

J^l oL.)Ipj ^;>iJl ^5 frU-f 1-14 j£i 
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^LWUI .ISiJI 



(S) p 



^ A^^jXl 4_mi]l *jli cjI^jj*. ^1 jJail < l ; Frey mjIj-3 4^-jJa »|jl»> 

^—oLlj-aJl a j 5 1 . X—iILa ^_A L<£ ( __)Ja_u 2l I J^Q C-UtUI I Jljj (-IUIj i2- 14 <j N mi 
,<s_>jJlLi aj-SjiJ i4_uLtaJlj jjjjJI CjKj^K i4_cSL«J.I CjKj_>JI (jja JjIMI jojjJsjj 

4— L j r e-u IjUj-u 2( 1 J . rQ-Ajl U3»l c_i_uj3 t. 1 1 n-tt-i (C^jJ L<£ tc_i_ujIUl lj-$-i _i^j-u}U 
!al ri i" i ill jc-j-jj jLiitj c^" fjO 1 ^' O' c - " 1 -*: 1 "'^j' (J-*-*-"" Cy* 5-aJJ-"i i ii U 
.(J j" mi l (jjini (jic ji-l £^3 jLjji-l Jj^ <jSU-3 (3*c i^ai l 
■.^-jLUl ^t_Lll /j-1^. * la-all CjLSjj>. ^lxuj-jJI ^j a se d )fl 
e5-e7 igj's ...r e4-e2 ^j'C mr - 1 

d6-d6 ^j^ i iir f3-gl (jl -^->- -2 

joj i 1+ <La_uiJI (jjJejj i5 J-^sj jj-5 4_uL$i!l 4 o j ? T 1 £lxLJj_JI <■_ . i n^e-jj 
i^ljJoVl SbL^J^I Jj^aj,^ IjSL&Ji VUsj,^ I+^Uj^^JI Lpj^j<i"iiiJ 
-n )J ^"' I /y_al_ij-_Ljl ^3-^-1 (jl J^*-iJ . sLs-i^Jjj (_£jL>JI (JN i"iI1 (_3 j '"-^ d ♦ 1 1 nil 
(^is- tllLLa (JlaJJ ij-iI/Ljjs L&yL*j (jjJI Sjiitlt d ijSll a JL& /_,U<" i La 3jLa£. 
. I J * «* 3jJl^c_Lo (Jj^s-I Sj-JLc ,j_a 3-jjT i Qj I r I mJ|) J .Vat 3-aJ-Sj J J j~ i n"t 
^1 Jj^SJJ i(6) jJL«JI J-;»-«J>. fUJ-23 (j-o /_, <j"i M (_^>- I jSLt jlxLJjjJI J ■»"' ' "_'J 
• ljSU_« Oj>- ^^^ "LojiijJI "LijS a-Sp^^ill 4^jjJI (^Jlj iLaJLu JJijJ,! (JjulJI 
(J-u i ii ( _ ;r Lc.-jJiIiI (jSLIj iSjLitA (<UJ-23 i_kjLIij ^_alj_JI J i<iM a JLJ-" i n"j 

i_^ f-j i4jj>JJI 9-LUsjI (j^s ay^ j-^=j ^-^ •(j-'^II iUj i.ijll JSLAII (^Jl-Jliill 

Q^» - 4_u^jLaII CjLS^j>JI .} Jjl] ^jljwoj-j (ji^j_ut ^-jajLs) (j-u£ '(^j^^ *' ij- 1 ^- 1 ^) 
CjL^j_>JI ,j-a (jSLx^s JJLC J^^( o'j-°J^ O"-^ tt-uLO p Jj i4jj>i!l (^ Jjjj/VIj 
^& (_pJI 4j_)^jJkl CjLujJil JJuJ o'j-°J^ (J-^J "r 00 ^ J J 'tiiUI (jSLI 4aJ>UI 

'.^^L^ 4jajJijJI (jjSij (jjl iO^J>- 

((JJlA-t_^o) 3 + ((J .1 Ir^ -I. ^ I Ir^l ) 3 +( ( JJt3-l_^) =J 

ij_i^l Ui^3 («J» J liLh^-" =L<ij2JLi (_>uL2j) (ji^jU^I SJ-us (jl (j-i^ cr^'j 

oUjjil jjlc (jK UKj .jj£I <d 5^.Lill SuJ^iLaJI oKj^JI jjlc (jK UK 

.,_pK r I ta c I (^1 t_!j-^l (jlK I oKj 'J-Kl I J~'i » I J " * J^" 1 ' "J (j^' 2LjJ^jJLI 
SjjJII 2- 14 (_Lt-ii (^ cLajJajII Sj-j- i"i 1 1 (jia i .ijJI (iijiJI J^ 3- 14 J£LjI/ cAj£J 
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(5) 



^Ij^-CjjlUI 1_4JL>.Lj fpa-uVI tcjIAj (jl (j^L<U ^"^l"^ a jJAjSj^^J 4-lCj£ *j •*■ 1* 2-14 (JSLii 
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• a t. 1 1 uLJjj 2 5, ' gju] ^jt 4- 14 JS mi tz-us^j LaS . «L?e_u3aJj 4_uL$-ul a-a-a1j 

.p : e2-e4 i_jjlL tjl ^j;*^ (^JLc V 1 ^ ' , - JL * cr^-J ' ' + ijTj'^''" <Laa2l1 

'•(^Jj La i-ta-S-xJI ^jLoJ! Ji^^ijj 

• p\) ta uJI c_t«J «.Lu! 3 j i ii -»J I ojl^j La^Uol (_gj uuJl i_4^.^U! (»j-2j V -I 

(_gj^*j U (JjLt i t-lj i .1 i~ VI ^^ La A i i ,i-»JI aJJt (_^>-J . 4jL«1! Sj?< a LgJLa 
i3_u(ill f\ i<ijl ,j-a 3ljl^ Cilj Mir j»j-2j V w j'a i(jV! 3j ' " TLi 4j>.LiU /j_a!j_ilLi 

jj ^La .((J i^i'^VI)) ijjt SjLl>J,I 4 njt-v^J t (jjSj (jl (jLuJa dJLut <_>"jJ -o 
<j-£Jj t(jLi i ii-sJI (^3 j I i*CII Q^jr^UI LtJu>.Lj cjljLp^.! tiJLuk Q5^ o' <j-° 

. jojj-SjJI 4-Ajiij (^ LgJLiol ^LlILij i L$-il i .!">• I JL>- i. 
*JLc (jj> Jjl o-^W Sj>-aL>. <j-a Jacques Pitrat oljILu dJL>. (jL£ jlsj 



Terminal 
position 


Legal 


Moves 


Moves to check 


Center squares 
attacked 




White 


Black 


White 


Black 


White 


Black 


5 


27 


29 


2 


3 


3 


3 


6 


27 


32 


2 


3 


3 


2 


8 


33 


33 


2 


2 


2 


2 


9 


33 


27 


2 


2 


2 


2 


12 


27 


29 


2 


4 


3 


2 


13 


27 


29 


2 


3 


3 


2 


14 


27 


25 


2 


4 


3 


3 


17 


38 


34 


3 


3 


3 


3 


18 


38 


22 


3 


3 


3 


2 


20 


33 


35 


3 


3 


3 


3 


21 


31 


33 


3 


2 


3 


1 


25 


30 


34 


4 


3 


3 


3 


26 


30 


29 


4 


4 


3 


2 


28 


29 


29 


3 


3 


4 


4 


31 


30 


24 


4 


3 


3 


3 


32 


30 


28 


4 


2 


3 


3 


33 


30 


23 


4 


2 


3 


2 



C 5 ) v 



il Uij - jtijiJl Jj M'_jJ Jjl w->l~o- 3-14 JS^ 



W™ 



J-SLLj 4ajj *j ii>}Lci (I) u^i 3jt^s_jj.l ajSLAJ.1 



LaJLSc 

.SjjcjSJ! (jr-ijT <i~t 4j_u-ua£ high-level shategies LlLJI oLl3£-u!jjj-uVI 3j£a 
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Value 




Value 




Value 




Value 


Node 


from 


Node 


from 


Node 


from 


Node 


from 




Minus 




Minus 




Minus 




Minus 


4 


+ 1 


13 


+ 1 










7 
11 




+4 


10 


+4 


2 


+ 1 






16 


+4 


15 


+4 










19 


-2 














24 


-7 


23 













27 









22 


-4 






30 


-4 


29 


-4 











( 5) #\j 2 - 14 JS^. :^ jJb, Ji J^ (cys 4 - 14 JSo 

, I ; < ^-.UVa I j La «5j ui jU» !jL£,-fjj^JI 2Lfll^ JUjfcl I jufc ,Jjl». jiaj 
<— SJl^JI (JjSLj JLSj .cLLlLso i— ij I La II i_3JL^JI «jjJs (^ « aj ui j U » <-3>«J C^o. 
Jj jj d 1 1 Lll_LU (_^S» Jl « N ' Lga-Xl Jj-jj-aJI (j-* dJJj jt 4jtlaJiJl 0JLA JL>o> ^_A 
<_SJ_gJ! jL><-il (j-II L^JLlSjo (_£-5JJ i«LjiLj^ LaljUti ^.aLJjjJI » '^\Jj i«jl>.VI 
» tU'.tt 4_L3t-uljIL-uVI ojufc Jlo a jjc'i i n j (^ jJI «_oLJj-J! «-iIa!LmJa >c , i n nj-II 

.iLulj^JI L-SljutVl JLvl 

'(J '"il) "-^^M^ '*!! U 4-jLa^. £-aLJj_J! jLoJ I jla .*-aLJj_JI LtLulj ^pJI 

Jlj*_j JL3 liilj jj^^-"tj (I) («-3j Lj-Cj_3 Lajut IJLA « J i -»jj i jLiall jjj>" 
4( JjjJI tiJjj^o jtli-l I ila S (jl i^ajJI j! (Ji^JI <-4>=J 0' JJ ^ «LJt j-aLJj-J! 
4^jjJ! oJL* Jla (jl jjJJiL j-^iaJ JLSj . (2) /oJSj LfCj-3 LajLA di! j g-j-uaj^ 
j-j>.| ^j SLmg jq-iJlSj jj_a J_l M-3 I ^JL^J^ i4_lLaj>. ^jjj ^N i tui II Jl>.| <-^J-<J ^^ 
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. I JSLaj t (3) ^j L^-j^ 

<j-a much narrower 4j jj jtx-a jl£l S-l^-LU a jufc JJi ^ jLajiVl oj^J 
f-LiJajVl JJLC j^iii-n Li£ i La*c jii£l L#jl VI 1( j^ijn" . .ill i.StjII jL*-<i/l 
" " ' b '^ ** Sj^C (j-^>- jl 1 3 I J I ^ (jL«-a Cr'i L - S '^i' * JlC - (j-° ^ i~' ~~ .' LSj"^ Ct^' 
Jq_ij_jj . (j-i! i .1 'tVl i_iX.^UI 4-a-j^ U J J_«_«JI (_^ ^_al_jj_jjl Ij-±-J Ij-SL&J 
i_3>Lstj t3 xx j ''I ojufc JJa ^ 4_JLTLU cuL£j^>JI ,jji IjJLc 4_L3t-ulj^/VI 
ijj-UJLjLTLa (j-u£jj>. (j-u JsaJjJ (jl (j^LxJ La 4-l3 -J^J-JJ V (_gJJI «(_,-»£■ 2?l» <„St jtl 
(JjSLj I Jl^jJ • Joj|j_<iJI jjjljJ 4^5e_lj_i L$Li£L> SjjcjIJI ("UJ-Sj S^Lcl i_£j^*J 4J2 
. «Qje_JI <La i ' uaJ I cLse_uj (-j?e_jj IjHj_u 2 1 <-Jjgl i ntlj sLoj^Jajl <>J_A (j-u 4_iLluj (_£t 
jjjj JiJ V 4.J2-J i^i'^i ft(_yjj/ ^xjlC lJr £-*^2ul\ cLiJajJ sL>-L>JI Cjj^Ji JJSj 
' d 3 j 1 1 c-^j" i n" /^II /^-il i n t VI c_t£,^LII SjJiu (J^t-a (J^t-i La-i <- i i nL>J1 Juj^JJ 
£lxL)j_JI ^Loj^.1 (jjSLj * ^3 • 3-5jJ-«-a (jljJ Cr 3 'LLa^Ll gLJj U i"itl «L»-jJ (^^Lc 
JJij (JjSLj (jl I JL>. (_L«1>J,I (j-oj 1 JjussVl IjLlXI j^ L-ijLLi^JI aJJt Jla ^yic 

< _ r jJI 3_i_Lj^jai^JI (jj-k-" jJLi-aJ Jjrt'iinU (ji 1 ^.lUjtl a jjt (jJLc jL*i£.VI 

( _ ;r Lc. Sj^Lcj . J jii" 1 nil (^ 4 ijt^r SjljLa I j Sj-gll (j\j^.^UI (j-a Iji^IVihh 
i(ji-j£.^L!l jl_£ SjL^a c_iJ<lJI (^r 3 '-^j'^- w ^ ■ '"•"' ^-°'j-J *Lu I Uiaj 1 ■■! I jl iiiil j 
.(j\j£.^UI jLj£ L^a jj-"i 1 ..J (jjJI CjLl3c_uIjIL<j/VI ja^a (jja LlCoj 
(_£JuLu «LcIj»jj ^j>Ja-mJ I t. <*\") ^_alj-i ^Lu ^_a 7-L?e_ul £)l ( ^^ Lea * (jl -i^-ij 

(jJI i_5jJj j-^-a '-<»l-c. ^^j (j^.1 ;Ui^iVI «L^Jdl (^Jl gJjU uJI 4jj>J cCLuutl 

lj_uSLa . A j < j 1 U 1 1 CjLiiJI ja^a (^ Liajl jjJjj i«<LlaiJ!» aj ^ li 1, J 1^1'^ I jo^a 
(j-Ojl 'iitl J*_aljJ_l l_LLajJt_a tJJJJ La CJJt^> j^jJua fft^a » ;iLaj 1 ■■ 1 A Lul Jl)JL»_l La 
.^jIUUV a ^jjJa (_ya ja^jLajj^aj j 1 .1 flj (jylll '^L^ 
JJLit 4_Q^ (_g jJI SJjLLJI i_jJ w-aLij_! (jl j^JJ (jl i_ijjlaJI (jj^a iljji-lj 
j_LJj_u l^IcI ji^j . 4jj>JJI ^yfl (oJL«JI Jiaj aJ_& ji^ Hans Berliner j_LJj_u 
ij_4 jJI 3-J-aj (jlr JlaUcI jjJ (J£ (jV t Ja3»J I 4-a]L>. Ji^ 4jcjsLij_i (jl ^ 1 nflj 
(j£j joJ 4^j^- 73 (>ui (jj> 8 (jl 3_ulLII i.Lfu\ JLtJ SjL>. 2l^IjJ Cjj glal Ji^j 

'(j-cl 'Vi loVI «L^Jdl jtjjLj (_^ ju>a djjL^. j^l^JI ^ Ijla jl^j .^fia 

(JjL_u^a (_I| 1. (jtlJI pLUsjl /Q_la2j (_a 4-ajL^-**i mXI ^_aLUI ^j^* I ^J-a_ftj (j£La_lJ 
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JjLuuoJI J^g gijkujJI i_iaJ geljj 

(jl-j 7-j!j_ILjj i Lai JlJt" i ill 3-J-L& jJI 2U .^.Wl ji£? (j-a J£l uiXI Jjv j-J^JtJ 
jl i«L£jJI CjIjLjIo.1 ^1 «S aLjjsojj ,j-a (_^iJ (^1 Jo-al I h&» Jfla JjLvila 
JlJLJ I »/l L^ lijjLselii* u~l1\ 4jj_uiijlJI CjLJLu/jVI J ji\itl ^J^T SKi^ia 

. Ji^iitl IJLA ^ 






(II) 



(10). 



.Evans and Bundy 

g- " i" i h"j '(«-"J ci^-I Lila^J I liii^ij 2jl J-so (jl (_y^ 42jjJaJI (J r-l V l~l* j 

3JjL>J,l i _ y ^ 3jlcL2JI jl>o ,jJ SjLcj i4jJj (_g JJI /<ujij_1 L> *u-uj J^Jajjj 3ji£.LJ3 

.(^JliiJI Jj^cjJI ^ic- L^l l3.'k '" Cr^' SjLcLoJI 
(_gjjlj l*S_<-UJ-LJ ^VSlilll I fTli~l_alI (_gj-aj (_LJj-4-l ^\ (Jj^oiJI c-^*J JjJ-t£. 

jj_a Ju V (Jl£ lH-^J l '-'-* Ly^-3 L)_3^ * ' "^ ** ' ^ '-'-a- t -J' 0^-#-i (^ 9-^ J (l)"*""^ * ^ ^ ' 

Jl ii'nVI^ di! j i Lj-a JlJ-"i i ii j (jl i. 1 1 iiLell <j£-aj (_^>- 3.iJL»-a sLx-Uslj I^U-v 

jj-a 4cjjlJ*-a jj_a (j^jSULl LjJ (_jii-l J-!l (JAajJI ^1 djtjjU 4iij 4laj>- (j-a 



o 



o 



v ^ OjSL iiu 5-14 JSLa 

: }tla ^l^ 5 - 14 J£Li Js VLuisM 

. A Uj^e-a (_;,!£. SjjI JLl J-JJ-a : I 
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•.(jjt <_i JSLi (^Jl 1 (JSLi jjij ^^"Jl SjlcLUIj 

:Cria*3 £ (^k. jjaj LajiiL ^Ij 
. 4li.l.J (^ SptjU oJla : J 

I LulajLJ LxjJ ij*\ ."ill (^ sLui/VI Lufc-iJJLs- Ui^J '«Cr^ "^J^g- 
(«_J>jO 3jjI_} ' „"*" rt ~ w ) • ' 

(cJtlo SjjIj Jq j -» "- w I c ) :?■ 

: 4j*_u-JI Q^Sj it- J*C ui (jlr LtLliJa I jl (_ylllj 

(<±<l% 3jjb (ji) :j 

.3 1 j ( .. al * « t_3^j_u /jy^-J' ^-l LC JI CjLiLjjlI 4_oOo_4->j 4_*_o_uj dmn ^ a u j* 1 1 

S (p) 4-ujJiJI 4 lii^ill j-g-Jl j^j^. L»J-«^- OJAWJ 'J^^' JLs-V ((_>i) 4jJ3j_<iJI 
i<UL>.j_jj ^1 (^ jlj I jlj . 3j_a J^ - U "a (j^lj-I VI > im'ij V t_jj^3 (O^JjJj 

t^j^ ' i'j qi' ^-^rP^J * i_ai 9_«J1 (jaSjj iTtlLdJj ^—a^VI ^ttU^ i ii ill ^^-^ ij-^' ^ J<3 '"' 

d a Lea II £jja Uj^>« « ) jl-3-II ) .'**' * JJ *(J-^-J lS'- 1 l ^*j-^ CjjJL>. c_JL?o ^j^JjLrtj £jj jjl 

^^.Lc JoLa_>JI «_a i j (j '< 1 1 j-j-c jij^ J^ J2j ^^ dK 1*1 U j • L^i£ oj^ c^' 
V 4_il ^J MjLs dili ^JLl (16) j>jL^ JLjJb jlc: jJaj .^jjAA,\ 2lo>L^ 
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JjLuuoJI J^g gijkujJI i_iaJ geljj 

(JjSLj (j! J-iV i4Jijv^U.I ojufc JlLa L*_aljj_] i_£J-JJ (j^Ij '• (jd^ uuX I <j-° 4jXj 

JLa_j (jl > j U" i .1 J ^_al_ij_l 3jLj£ ^^ LlA (jX.1 iU ir^iVI sl^jJI d K i"i aj 

J) j S se **''-■ H ila Liuk!} * Jji-^' <— ^H (j-a-L-A^L^sjl c_ oJajl CjI ala_>J1 «U_aAIj 

^ j i^.t i aj^j a_i£?j q^ ^.u l^ ojL> j^\ sjujq aj/vi sjujj 

4_LjLg_cJ! 4_)btU j^s-l I li i r>jj <{«i2*.j~d.\-[{j'<a JLiCiV! (jau£.j_j iJ ^l\ 3 liiMI 
tQa.ja.j-ll I -j <j i tl (j-a (Jj^s-^l cLiLUaJ! (^1 (j-tl,L<j/ L < _ i _a^ > . (O-gJLSli! JJ£.) 

cuLajV! *-j-«^. (_,-fl 4_il £_aLJj_J! j£hj o' ^^J .3JUJ! j^l*j ^M-aU-aj 

: 3_JLl!l JojjjSJI j^Ijjj 
(j-a 5.1U3 J^ ^ '(0 J-^JI f^^er^i ->-^ O^ (f) OiJ-" 1 ^' - s ' Ac ' ^iji 
<j_a *JSj-a i^gi (^3 j-oj^ = (a) (jl£ I jl VI hJjLsjI «Lcj| c-JjLi!! ^ jl j^-iJ! 

' d 9 1 j o ' ! ^jj ' aaJI ' d ' ga j ! I ^Lu (j£. LluJL>. (—9 Lul LlA i 1 a a* y « (jl c_^e_]j 

3 jtjjUtl L^jjjj^s (j^s J-a^>JLi JL2IJMJ 3-LlsjiJI a_LUjtJI l_LLtL>j; l a_aJi>J,! 

cj^j. i..ti^I 4_<laj<J! OJLAJ :v2jVL>J!j iZj^LaUl! a! JLJ=2L<-ul-> cgj-aj (JtH-^J (^Jl 
(jjj_JojJ.I Jiaj>.j» (jl cLLiis- ^lil*3 .4iil I JL>- I iijnf La^3 t_J LajJJ jlxLJjjJ! (^ 
JjLc (jl (jlr 3-fl>l Jj (Jj la *j i«. .(^-ajV! /a^til j uuJI Aj->«J (j^T 3 j^i^i TtioJ 
^aLJjJ (jic- (J^-<-uJ V LULu2j-u! JiUf i jJt . . (I) JJLC ,j£. JU_}j (jl t_^»J (a) 

aLlUI J-«-><j SJj^ i .ill (j^s 'i^-j-i cjIjlILi dK i"iU ijjut j-ipj •'^1 J J - a j-y o' 

3lc1j-a )*_a iCj^LaLtll )*_Laj>. (j-Jaj (jl ^-auj-AI (jS_a_i (_^l i LiS_a_a _1^I c^s_u 
j mijM AJjJ (j^I JJLC L^ji JJJJ 3JLej t-I n i ,ill l_^*J 2 4JI J-Aj i Jl»-!j J-iS 

• ij^> L«^ 3J£ mi nit (_gjj ir^ill l_fljjjllll (JjSLjj 

(^uajJJ! 3^,^ll ^ ^ J£) (I T I a a a) = ,ji '-aJjV! 2JUJI 

jJu^ = ^ 

jiiir^i = (_p :«LuL^iII 3JL>JI 

(3^^! 3^^l ^ j^ J£) (T T T a a a)-^ 

x_a i4 «_a i3 «_a i2 x_a i I x_a) = x_a Cj^LaL«J,l ,jjs 3x.jji^a LUaji liJLcjtJ 
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£j£. *_Luj i3jjL?e-a L_3j)jJ_' d->»J V! Jj j LaJ 2( Cj^LaLt_U 0JLAj . fft^j LijjJLJ J (5 
-.(^JLlJ! ^__ill __!_. I *_a e-_jj__i (jSUj }H<_- tSJUJ! ___■ j_Ju Lj-UJa- 

£ jl ,ji, :4jIjuI! 3Uri't 
P J' LP '^ j '^ <Ua-»- 

3_jLg_JI 2UV. ^^uIjlJI -UV. -I 

((_ykoVl jlSJll <___) __*!j J-ij j»J_h] J£Tj (JlVl __k JLxlj j-<V°) " 2 

N (C, ORIGIN) l,n (M, ORIGIN) > 1 

3jjjl>. 2JUJ i ni^j (I j»)-4j!jlJ! 3US'i <=== 3jI JuJI 3Un't 

(I a) + SjLg-JI 2Ur, <=== 3jL$-J1 2Ur, 

. Bundy ^jlJ^j <___• Jlill IJL^J _Lal£LJI j-aLij-J! __JI £>>->!l _£-*?J 

,_j^)L>. _j_>J! (jl j-* o^Lcl LaL__oj_- (_ylll 5Ji i nil (J^. SJLjJ-' Vr!-*d ^°J 

i_5j_i.? J_L__a J_>J 4-ol_l_*___l jaJJUtj jjSUj Vj iujI jJL ilt-uiil 0JL3J !__». 
I^JjL*j(jl JeanLouiv Lauriere Jia,^^^!^^-!!^^ __!jL__:V! ,>___■ ___! __ij 
^LjlJI J^UJOj-Ojuj . (l2) ALICE JiLa ^ul^OU 5_JL.ll j&\ J^Ja j^laj 
j-uij i(jj q j inj (Jj>jJ ->L_j (_; jJI General Problem Solver (GPS) (J_iL___«_J 
. JL>J,I Ijl_> ___. ^_oLJj_i J---al Newell, Simon and Shaw 

The GPS Program (sUI J_tl_4f JUa» J3*L_^J-3 

J__- L__"-(l__!j__>Vlj __Lj_J_JI) S-uLg-Jlj ^J^' --VUJI JjJ-XJ l__5_J 

i__VI_»J! j-yju __^Lalj_o _UJLr>o L__ul i__3cj Lj_^-_)_L_aI,l (J_- J-aljJ _-3 JLaJI 
_)V i3_j_ojjj_- j__rl MSLii __}Lal__U j_a_u (jl (jSUj-aUJI w_oLJj_J! ___.-_,__! 
c-LljLi dJJjj i__3__^JIj 3___|jJ| 3JL>JI _jjj 3j-^' <Jt!^ >* jl tP->" L4__u_ 
' dllseJ _pLt-_a /yk J *V. " (1A -4-1 C^ J iL_3 JL^JI Jji—so ^-HJl d u t ii^Jl 4_ot^_La 

.LLu La>bi.l 
__Ji-_)j__! (^Ja 4_ii J-SJj-^-Jj-La ,jjs t_jL*JJ! 3J_L__a J_- _Ujl c__? l_La 

«(Jj_LU» 3J1_v ,jrtJ 3j-^' (j^-^^j O' 0^-*? J- !-*- _>£■ ti^e-jl _y-'- 1 ^ '"J-^ 1 -' 
4_Lj_L__j (j_C_4Jj ij-ajj.! ^--5 __)^___vl j_4> 3j-^' ' JlAj .«3j_u_l _-b» SJLvj 
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JjLuuoJI J^g gijkujJI i_iaJ geljj 

.J3_ai (> jLUill Vj Splkll £±Z V ^j SjLLU! j! S^LLJI f loi^L 

(j^.J-2 l_SJufc ^jj 7ry~>] I jSL&J i4jjuaj>JI I'K mil 4JaC jt jIUl I ^ LaJlj 
jVI ^yic l?J*3j i^JJIj i(4jJLjJ^J! i'Ki.iII 3-k^e.a j!) jLLal! (^Jl J_jj^j_aJI» 
;y_alj_jJLI Sj-ua-U 3-aLgJI CjI o i nil (_£J^>-J <j-°J • I JSL&j ..4JLJbiiJ Ja la a. I jl 
JL3 SLuL^d! j SLJjVl ajUJIjjruJjjjiJI J-J-Slij-Oi-I (^jJI J^Ldl jf i^LaLsJI 

j_jJb (jl (JjLcj 4JLa iJjsL«II I jut (jii3j_i GPS j»J-<ij (jl <j-a ^JLij ijlUrill 
^1 ^aljukVl £JjJl (jJj La-i3 (_^aieJjj . J*mi I JL^i La-uLia ^ jr^jl LJl^il 

: L^a J^UUI GPS ^JaTmu 

M -oL^^! l-oL^Jd^-l 

I JjJUjj i_j J I jjrJJ 3jL)-^' Jjlii" "2 
I (jr^- La J-aL«_a jjjjU" -3 
(j-a 1 ^ i **."»- rt Lc^j J-^- J^>«l (J^* (J' d ^Ji r GPS 7r i hi j^&l * j Iaj i uja 
T LJ lP - * *U-^L>* Cj 2f L?e_4-1 J) i »**'" ^J-ii i naj jlJLl ^1 lILI!} ^—3 1-4-1 t^J-il i n U 

j_alj_JI jj-a lj_ii^J2l j_p.Vl JL>JU ^Ofl-il (jl VI .(Jlj-ajJI JaKlJlj 

(jl IjuI ju^-Sj ^ (jSLIj . (I5) SAINT jl (I4) MAC SYMA-JiLa 3 ,^,^^ X\ 

l y Ji A 1 , ,i | , „» w_a|_jj_jjl j_oJj_a j-£j L<t£ nJjLpcl c-ocjj i IJjj£ GPS (JJ-S-J 
J.5I i n U Jj. 2 j I i** 2.j ,Ut J , Vi'ai -^ j'a -sjjjij ^1 i_3JL^i eH-" i^jLj-uIjJlII 

.«l«] j^l. ^i j^jUi ^ ^oi^^oii a/^ij 

The ALICE Program ^mJI JJ»lijd-4 

Jean-Louis-j_Ljj^J ^jJ (jj^. 3 U . nl^-i jlcI ^JJI-^^u-Jl *-aLJj_i > jU"i uu 
3-ij^SUI 3-talaJiXlj 3 u^LjjJI JjI i.iU (J^ej (j'-<j-uJjLi ^"^ <j-° Lauriere 
. t_gjjlii"ll jj U i I, I j CjLcjjij>J,I 4jjJiJ Cjlj^ia ^ JLa-" . ,i" 4iij 
:*lj^.| Sjijj' (j-3 5-IT inU JJLsoj 
(JjSJG (_^<-II j-i^LlkJI OJ-A i_3jjljj iLET «p J» 3 <iK_l L^jj i n a i ' ^JJ*"'*I - 1 

. L^£.lj-ll JJL»JJ dK i"iU Lj-La 
(jf c_tJ*j ^ylll (tuill JJ-aJ j iFPND « JL>-jl» 3_aJSLl Hjj ma il^Jl^JI -2 
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c_t_j_jj-j Jj-Sj L^-q Jlj^- "1 i ii i A 443 a &-inj I aI JLa-**i 1 11 u 4jjL$_a ((jj-ujJi)) wjsujj 
J-j-3 3j_j_i^a_2JI j j j ? 1 1 a\ jitjjj/l Jila cLi^sLs- j_uL«J. I iijU Jj ij)j 1 na CjjIj 

. 1 /; * rt i d 1 ) a T^-\ 1 1 

. VU^.1 ji^Vl ^t *LSiL> 
. JlaVl J»J! <G? j^Jil j_a J»J! ^1 J^jUl -^ 
4j>-^j 4_lUsLjjJI j_JL^J! ^JSI 1 .1 a (Ji- (jr^- ^-O ^-^ «u-"Ji» J 1 - '-^ 1 jj<"jj 

GERALD 
+ DONALD 
= ROBERT 

i3j_i*JI o^5 Uaj GERALDONBT l-Sjj^JI <>a J£ Jl«j i-Sj-w 
G D R 5_JjVl flajVlj i7^<u-a p^jJ.lj iJtlli^a L^Kj t 9000 2,1, j^ 

3-lL*c ^ dryijJI ^Jl jLj-ujJI <j-a 3JL-j_U aLsjVI ^^Jt, a,b,c,d,e cljI^ ! ilj 

2D = T+ lOe (I) 

e + 2L = R + lOd (2) 

d + 2A = E + 10c (3) 

C + R N = B + 10b (4) 

b + E + O = O + 10a (5) 

a + G + D = R (6) 
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JjUuoJI J^g gijWJI i_iaJ goljj 



(a=o&b=o&E=0)Lal 

^aia^,!^, l (a=l&b=l&E=9) j I 

; 5Ja mljj iR=e(modulo 2) 

<3) 2LLa_^1^j <E=D(modulo 2) 

^Ji 4_*i_i£ (jl I * i ' eaj rt ) E=0 9-Aj /^j-ljj^o jLlo*Li <((j_u_jJt» x-aujj AaJLj 

d + 2A = 10c (3') 
C+R+N=B (4') 
G+D=R (6') 
d (jla (J^-j-a (o\j L^J^ 'j-^ '^f^jj ui^-J o' ^^ d o' (3(y>) d>c- j^-yj 

Sj^*_<I/ CjljLa-" i ..Li J->>JI JL>-jjj i42jjJaJI oJ-#-> 4-lU.kJ! j <i"i i h~ j .j iiii~i = 
Sj^a- Mitl Lcj^ (^JiJjj .6-14 JSLJu (^3 7r i<ij-a jjfc Li£ iJoJLa Lag Ci iii dili 
I j^Jj ,_£jj>.Vl oVjUI! jjh Vjl Tinij LoJii^. J-iJr"i i n a J-^sj tyJJ R=6j R=4 

•.^LJK ^JLuiXI J* ^j.^jj) R=7 VI J^3 V 
GERALDONBT 
19 74 8 52630 




Gerald + Donald - Robert ^A S^sj 6 - 14 Jd 
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^LWUI .ISiJI 



(m j^ji ^ ^ j-kji ^u^l ^\ &>.ji\ o^j 



fjj^jja jjtj iSj-ioi-J! 3 otVi^l u<& 5-ajj-"n,iUj inference engines ^LlIL-uV! 
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bfe^\ 4*£u&\ vjaiWfe 1 5 






(jX.1 ;Ur^VI «l£j_!l «UIc aL*1aI j>LoJ| (J^ljj 

4_aL*J1 /y-Ai 'i <i\] -n g i ■■■ i~*~ (j- 1 ^ f-* *L>rh L> *"^ d q ' 

Lg_j ' ■ a 2j (jl^ c?^' '<Jj-^'j /y-JkLUI 4jJIjl3 aJi£. 
CjVL*_a ^^ Lg-a-j-jJoJ Jii£. i4j!£j 3-aLc (JjSLj (jl 

tjrtJ ^La^lUl ^lJjLoJ! 4^MjJI j-Uajj Ujj i ^j^t* 

Jjljjl I Jj C)l n" i .ill (JjIj! (j-^ • 4_LajjsJ(J!j 3_JL*ji!! 
<j}>I»j ^LjIaV! ^ Edward Feigenbaum ajLIlscj^ 

*_u3J l-i I U " * (jr-J-II JJil i ii U ljr £ AjLir" 1 11" La 

(^-3 3_uCj_)! djjl JLSj . l_4>J_i^sj *u (jjJ! j-*!jJaJ! 
*Lcujl (^Jl n Ull liJjl i nil <j-a P>iJI I J-* *IJCo.l 
^j-a 4-jj La^ Lt 1 1 »1 air (^_l i_Lj^**( i"i a 9" $J '"' a (Q-JLC.} 
(0-^_Lj_i ,j_a jjL^ 'L-Lui-a CjVL*-a (j-a *lj_ii.j i4_o.LJ 
jaJLcj (^jLuijSLII Joshua Lederberg t-jjjjJljJ Ij-ii^*- 
i_al j Ua 3j^>.| CjLJLu jj i n n" jJji.! JL9J .4jIj^JI 
2_Ll£L!l i_3l_;ia_a ^ tiLlj^clJI Jbca (jjSLJ 3JL&-II 
L^jj^jj 4^jjt^ t_ijlUl,l S^UI ,jjz Sjji ir^i 4_Lj£. i_3 Jl2j 

U^j 'iJLc. 4^LU luI J oLJjijjSLII 3Uml^j ^UjSLII 
177 



iLjJLa v^ lS^ 1 (3) DENDRAL JIjJujJ j-Ujj j-^ £>LJI J, ^11 Jk 

.a!\ ihU ojut 

i hiiVdl jj-a j_u£ jjJL (j^.1 iU ir^al «L^jJI »l air j-laJ SjUjLc Cjlji i .itj 
SJljLJI 3-aL«JI *_&I_LU ^Lil J I I'na oL>ol ^.3 jmn (^J-Jl J-aJiJI Ijuk (^l 

jxLu La (jLcj_<j/ (jSLIj .oLll^LjjJ! *Uic ^jJ 3 1 1 >> « 1, 1 j o\aJI di!i ^ 

4lSLutJ (JjILcj dK i"ia ^y&J i ^-^ (j-° ^ ' "J^pl ^ IS! i"itl SjLjJ (jr^- J-*-*-" '•- JLa 
J£l ui a J_*j *J i.S T j II Jal ml ^yic 3J3j|j_HI JSUJil ^V tiiljj td^jjll 
<■". t j r^il I Q 'K jj iCj^LaUJi.1 (jja J j* i o JJLC aIjLkjjj/Li L$l>. (j^LxJ ««LLaJ» 

. << 4_jJijJL>J 1 » 3Lj_>JI ^pl i ii a 
A algjJU ^^alt!! i.StjII CjVL^a ^^3 cLuiLlII CjLjjJiill Jaj ii < uj jjjj-J J^-^jj 

4_iL£ ^ thomas Kuhn (jj^ (j^Laaj a * .^j ^ jdl i_JsL«l]l ^^k: JLla j_o. 

(4) 
■ a-i^a-j ^a . the stmcture of Scientific Revolution«3 j a I < tl oljjlll 3jJj» 

. «3jjaj CjIj^d *_a «4jjLl1£.I)) L#-j3 t_^L«jj Sjjjj 4jUr i»jLp£.Li AaUl J^iaJ 

JjLul! Jaa. JUJtl *Uk: jru ^Ua-I <t_i L&iS QaSLj djjLO^VI J^ljJll (^ 

. L^jJJ Jj^sjjJI -ilj-U CjIjj I .irVillj J^L>JI plj-llj i l^'li nlj.3 C-OCJ (_yjJI 3 1 <3 U 

*— aj . r"!}a_a_(j1 jt «LjjJa_Lll gj u < ul (Ja^>« liJjS mi jt Cj Jfju_uj cLjLlA (j^SLj 2ij 

^ylll-r-ij-a-tJI J I 3jj kill aJJt (J^ii- (j-a-J^Liil, I jnil J <j^~ iC^S^JI J^>-o 

«L>.jjs» dJi^J ^yjLj (jSLIj ij-aVI i^jLi ^^3 Lgl&Lso ^Cu^ . Ljlj><-u ^L»- i . I LajJ 

r-Jj-a-JI jl SjlSI i ntl 4jjJaJjl ,jx. (jljlsljjl j^lL (j^L>.LJI JJLc LtJiJLJ Jjlj^J 

JjJLsJI -r Jjjs-lII j-SjJJ .SjLjJL>- SjjJaiJ ,jj»jj/VI j-^sj (_y3 oj* ^-!±3 'tr^l" 3 ^! 

«-ixaJ JtSj i3-ajl • ■■ j| 4_jj_Iai]l (JJa ^^3 4_iL>J,l j-jlL SI'i i .i^LI J ■ Vi'ai I -i j'a 

Jlj^*_a 3j_jJlj>JI 3_jjJiiII i.". i .ijtj . J-J-3 (_g!i j^C J^l j_al^IaJI jnil jj i .iri" 

iJiL^e-JI ^yb 3jljjl>. 4jjLl1£.I 3JL>.jJi. (jjiLj/^1 (jjS!3 L^-iSLIj , I gis A ■ ul jljdal 

^J_jJ-aj 4_a_ijL^JI ^ Jj la * 1 1 j' LtaJI (^_i plj-i J ' ' »a rt » gJajl * ^j^Sjj t^. o WI1 

.SjLjJIjsJI SjjJaJjl 
vZjVb^a ^ JVjCL^VI CjLU^ c^UT ^ li^JI tjf ^ULiJI tlJj j| La JutfLj 
CjIjjI » I i j I J_«_«JI ^yJI (jjjLa^tJ I^£.jLij/ ipjt^f AJL23 ^1 (_Jj| Jl^ c *-'Ti-*- a 
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SjjjiUI 6uo£j'UI (joiUn? 

jLQcI (jSL<u iii! jjj i4iJcie-o iZjVL*-a ^ 4^jj>II (J^u-tiJ general tools 2_aLc 

l^jdl DENDRAL, Jia £-aLJj-l ft Lb <j-a (jj!b.LJI *Ul*j (j^J- 5 Jj' O^J 

2 a I <* jjl jjt , 2 , ^ , ^ ^-~, 1 1 S.jSLujjSLI! oLa^Ld! ,j_a JjLa jji3 j^JLc J^ii^l 
oLaj I < U Jj-IjG (jJ! dJJi j-^-jjj . I J^>- 2 k i»Li obL£ «ui JjJj«3 J3I 

IjU-U (3"i j'll Lijfc ,j_aj , I /Vj ,„ A"j Lfra jir"i i n"t (^all 2_J^| ^ 2,^,^^,-11 

^pJ! ^-J 5 ^! (J.C 2_ajj_U SjlcLs J .^^ t-jj^j-^j (JjLaJI-^jjjOJLi-^y^iLjVl 

(jljUil -U-U>0 -I 
-SjLjIjUa A jUr 1^'njjUt ljr &, lJ ~il\ iSj-iaiJI «LaJaJ^(! «Lb djl or i . I U"i" 
j-iojJ! j»j-fljj • JJuJ.1 JL>JLl «!j^i- J^.1 >joI inl-v 3jlc jic incremental, 
.JjL-ul! (Ja. ^ l ^tj'n ^ylll jiJ-kJIj 'o'^^' I JL& (^3 4iajj<-a 7-j^Slj (Jlj^iiJ! 
(jjlll (^jVI 3jJi,l La-ij Lg_i2 isLaJila j^tc 42jjJaj I jufc sLs-j^I/ aJujj JLSj 
U. SjUJlC Cj L«j>. 1 j-x ^1jj>.lj j-LA^tll 7-1 <i i nil c_t^Ejj . dJJju aLlojI 4_La c_JLLa_i 

i ' 1 ' > - ^ , <-i a_j a . a, l ) , i -^ djLa fl 1 * n ^ a 1 , -^ 1 a ifi\_t_m_a i a 1 d 1 1 4J aU a , **> ! * , . .. s* \ 
jojj JLSj . l^rijjU"; aj-2j (_£ j-!l rc_aLJjjJI j^c 4ijjJ,| (JAaj J r,Vq ^1 *L>-L>JI 
I'.jUf I (j^tJl CjLayLtI.1 !j\£. ^Aiu\l i2_J1j 41>.jjj (^ (jJji- I «!j^iej 4JU~ii „V1 
iu Li_u_ u j ^JS mi ^^a CiLaqWU £JLA x-Usoj ^jt c_t^e_i 1 JUjJJ . <Jj 2l j-u_>J1 d La , u | aj 

Jj r^iiitl (^ Ltl iiii^ij ^^1 (JjilaiJI JlSLl/l Ji£.Ljjj . I^'n nlj.aj L^j^lj^ Jg . ..jt 
Vlj i2jjjj,! 2^jjtl.! JSLi JLJc^J ^1 ^jju , '^ 1 ' (j- ^ 'o^lj-C'Vl ojut ja^a 1 3 -9 

t J j » i tl Jjri'iiiU (jJI LJjJaJ tilj ,4^aj_J| oLii) ^JjU'll t_j^Lu^l *-fa 
^jjj rc-alj-jjl i>J_A ^LLu A^-uidJl ^j^j^ 1 11 1 1 1 ^Ij-ajKjl A^-^-i (jl JtjS^ILl ^jt L(_iSLa_l 

, " > 1 rt a 1 j| 1 1 r 1 /^ lf^ A I f 1 , ,. rt 

2 o tVi>U 4a.j^2ll 2_JSLi^JI 2_jJ| |- 1 5 J£L<i ^ ^.u^l (<u-ujJ! Jlajj 
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^LWUI .ISiJI 




Sj^i-t iJiSU I_.uVl olJjSai 1-15 JSo. 
*_a (jjLtlLl! i _ T k (j-oXj 4_lLlL>J! Sjj|j_UaJI (jl . *\ JLitl<j/VI ^^ Lc^o-ul/ 

Laj3 i Lulj "" r L^rS-*^ *t-«-a^*-a 3-3j < a It jljjs ,2^C. 3jLi£. SlUtll CjLaaLii,! 
4_3jj>Ji,l jlj_a > i<ij (j^-°' I it . 3-aj^La j^c. 4-jJjlii"itl "Lx-aj-jJI (Jj-^ 3 (J j(j ?^ 
d i i iil—La d jS j i n^lS j^jj>.t Jjj-* 3 4Jl_>JI QjJt> /J& tJ3^J ' 4 o la * rt 3jo_i-£U £JL& 
4l>.j_a ^1 £lxLJj_JI Jj^aJ J I J>kj UL»-J .Sj-ioiJI 4-aJaJ^I (jj-^ (j-a J^l 
<-, , :-." a I I j|- J_jJl_Lc (j^Laj i l_j_Usj_a ^^LJJI 4_IL*-a ^^ ojl.il L#-l3 j-f^xj 
iji£\ 4_JLl^ 4^IUrV jmrUl £-aLJj-JI ^ iSjjll SjLcUa ^Lajl-Sjjj^tl 
jiiM Sj^>.| (jlr /j_aljj_i!l J j i nil JLC. 3 ir^iLa. 5-aJiir" i nU Sj^l jjl Jjlii'tj 

. L^-iic j^Ja Jjl\ dUj <j-a 
J^JLLtu^fl A-l l flX j jiii r i"! -2 
aJLJ-"i in U g I La C j (j-Lc l-£JjJiJ3 3j_ui»JI 5 ^tViM t 4_a|_gJ| ol a mtl ,j_a 
(Ji-lj CjUIj^VI jriii ?-LajLi lilt!} (&JJJ .^-aLJj^JI ((jj'n ii"» 4iaiJ Ijj i mil 
Lg-a Jj>" i nl /Su\ cLSjJtll ^1 a-a ^^pajjtj CjUIjj>. VI 0JLA ^5-^J *— 'rP* i ??- a M>^^ 
jl 4-3jjlI! (j-Lc *_aLJj_iJI ^jJLmjj . *LaLS^.V Jj^sjitl ^ j-ioi-JI AlJaJjl 
j-u->JI L^SjJU LaS cLSjJtll 3j^oo-£3 (j-^- 'J-^-^ ' ^ '**'-»-" 21 3j9_t-a /^ CjLaaJutJJ 
:4jJLltl 4^jj>II SjLa (^Ic j-aLJj-JI t^oixJ J-o3 n_gj Mijtl 

LiL^ia QaSLj jlc£ i3 iij< i>i 4l>-jlj i3_JLc (jiajjJ.1 SjIjjs. '^•j-i c^jI^ lil » 

^JLJl 4_»_3 LjLLX I CjL>.l**(i**( i ii 21 1 ^sj^. d tj j , ,. « ^aLjj-AJ £)£LajJ " J *J * 

(j£j joJ . lil (jlo- i4;LajtVI 4iJLl 2 a mil 0JL&9 .4j*jli!l j^JI Jjj^j^i! L$J aLs 
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SjjjiUI 6uo£j'UI (joiUn? 

^—oLlJ-aJl JULJ (Q-lj • /J— al—lJ-Ajl /JS-d^UU aJlC jt-«Q2j fQ_l^dJ (--l£. AjL?-**( I nU 

.4j^L«J! £^alj_JI (. ilf I JJ-p L<i£ i ^J- X - LJ ' -i>"i LsjJLu^s 
:j»JL>iluit1 -3 
(j-^a .Sj-ioi-J! 3 otVi^l *Lu JUC 4-lU-C djljLlc.1 SjLC 3Lclj_a ^y» JLiV 
(_J3 Sj^ojIia aj\ «L?e_j_i-£Sj ' 1 1 La 1 (^ jjl >-u -»J I j-±£- sJlcI i nt, -n i ' eaJ (jl c_t^e_i 2fjl 

^jUi! ,.,M,Utl 3* LJU tdjjj j^LSJI Jlillj . aiioi-^^UI oVL>dl ^jo.j 
i«_fljjj.! ajJ! i U < i o jl t;r lSL!l (jlslj-al (^ j^i- 4j-ji^iit r - ^^ lS- 1 -" aL«JI 

' t-j-iLaj «U-aL>. 4_j_a_&l ^-ouj-Jl I J_& (J^-tj w il . ^^ t ^tj 4_tiajj-a (Jj^_r»o (J^lS 
(jl c-tJ*_J I Jl^Jj 'Cr^ i^i->.| t_)j^l <j-a JLujI J-»J (ji^- OJ^ ^ lS 1 -*-" L -' 1 i>" 
(JL^JJ (_J3 ^^ i ii ill j-u_>J1 *1.} 2 LsjULa j-u_>J1 ^-auj-aJl £l.it *SS l ' " ° (JLS^- 1 
d ii I" -^e-a Cj Lc j^a->Jt *LuJI JUii!l (j-a j_u_JJI £lxL)j_JI JjiVi i uj (jl (jSLajj i43l j 

» )jL>oj CjIj-^>. ^j ^ . >>" * (jl-c_u?e_i (Jj-j-loj>J1 ^-ouj-JL] (j£La_ij L?SH' ' i^3».3f 1 (j-a 

CjLjjjjJIj C-ijSLJL] 31-r i no (jj£i La Ij-iLJ Cj Laj U U oJL&J isljjjJI (j_a JJLC 

. JUJ.I IJLfc J°l 4-uiLlJI 

4J3jJt_a * 11 i n""rS 2f (jo» i n l Sj-uj^JI tfLaJa i2\ (— aJLa-" i na (j_a (jL> p oj iJJLlAj 

4_a_LajVI JLa-l ,j_a I fl j I r Jj ii^i -»J1 (jXxJJ t(_, i r-i ii-i^e3 pjjJajjs (^ 4-^i^a 
J i^aAJI (^ i_uL>JI I JL^J (jlaj^LJ-4-La-ilCj I CjljjJiJI ^j^«; LgJ (_^lJI 3j_uJJ! 
Sj_iaiJ! d ot^'i^U (j^-aJ !j_o-lj n. 1 1 .iLjJI g| U i .il^j jo_lL»jJI ,2^c. j i^r (j^liUI 
I_AJ_2_iLi ( _ ;r lJlj iaLLs-kJI (j< LagjJllj » 1 j j V It Sjbj^I! CjljjjJI lUii-sJ (jl 
-1 gjl ala. iJ l\ SjjLJI ja^jlj-o- (_Loi (jjj sVjjfc JLcl STb LajJ^. 3jLc 

t 3 j iiiL-u? 2 K .In Cr Jt Sj_j_lJJI 2 alajVl ^ 4ijjill JjfUj 3 1< ii a (jl 
i3jUs.lj cLc.1 j ii^i ^^ (j-l-«-a JL*_aj 4_2_1_*_HJL1 ifljjiil J-i^3J <j^-*? La 'j- i '-'^ 
(jjl i_i J I fj^Sj Jka.jJ I jl» Jla Sjjj^alJIj 4_l^jJ_JI 4^jj(II jljjs lLII "j'a 
j|j_a I .Viji ijJI i i»j i« J J-^oj (j-SLaj V JLj^LlILi (jSLIj -r p^J JjjIL>J,I ,jji 
Lai ir jUU J i nl i ."ill (JjSLj (jjl iS-a^bi-a I tjJL^ I jl » Jila cLulj^a-VI i3jj(Ji.l 

p^Jjl I JLA (- rt i n ij .« I J^S-A * ) jc3 r* (J i ill i n*m (jaSLi£ 4_a^l»_a j-;tc I dulS I jl 

jjt 3-3jjJ.I ±\yi qm tiJLiJI jaa-jiJIj Khowledge meta IsjjJ,! *ljj La» ^LiJI 
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SjLcj .« j j r- j t_j (^JLc ' L$>JJ^ » JS-a factual Khowl edge 3 j S \ LSjJ I 4ijj>II 

JLclj-SJI 2 U , „lj j 3_3jjlJ.! jlj_a ,j_o (j-dj^/l (jl^jiJI ,^C. j-iojijJ! Q^SLj La 

_}1o_a ^L x I L flj ^jl i ii l f\ j * j 1 La_i£ 'J»^& ^J-^" 1 -^ ' ' a ±2 .j-]LaIUl IjLA 2-15 
.oJliJI pJ-J! 3-3j-«-a (_LlL«j l)'- j -^ (O-^LojI 7<^>-jJ L"'-';^ O^J^' (J1£._jJlJI 3_3jji_a 
LuLLajj-i ^J <i <"i" )> 4jLa_>JLs cLSjjtll ^J_u_4-l /j-1^ C^S^J-*-*"' f JA**- M^-a 3^**'-** 

.3-15 JSLii (^ «j_Ljjj i>jJ^ijjSL<j/j i IjjLjo! ^j-a J£ ^ o Vi-> II 




JijJ.1 J^lji ^UjSl- ov >~Jl 2-15 JSLi 

(jLJI jlcIj^j howledge base 4_3jj_U JlcIjJs t>u ^^L^/Vt 3>^' <j-*^i9 
S-ljj/JjJIj 3_^_jjlJ| 2_3jjJ,t _>|j_a (j o i WT) 3_3jj1I 3jx.La (jl ^ database 

JjjLfljfcJI /^ a i uja .CjuLj_J| Jlcl^9 I j * rt ^aJbtj _>LSJ jt ^alitj La_Lu 4_j_uj^?tll I J 
U_yj .iTjLiLiJI Ji£:!jJ3 ^ «oLJLu» 3_3jj_U Jl^Ij^ ^ SJLa-JaoXI oLijjjOjIj 
(_^Li. 'l^J-J-J 1 U j 1j-3 tH - " Aj ' .'^ L ^^ 5^jj->.tl joJa-tJI (^ «CjLiLlJI)) (^yloJ 
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6jox=UI feolrfjl xJ £uluiz> 




•(j- 4 S-J*' = K~) c^^" *S-y>£ A-j^JijJ ctyzJ^ 3—15 J5L^ 

t_!jL*jJ! I Tig If JL3j . (3^-^-1 (0^- 4la jii^l ,^3 jjt 3j_u_>JI sLsJajVI «.l_b (jl 
7-j_u3j <La_uslj J_i id U j mi jJliJ (_,-J-II lJ-^Lj-'"'' Cy* '-^J-C- J-3- * OJSj (j-a 
(^1 ,_^L». 't-^-J-J isLjJLxJI CjIjLJujVI «L>-j_ij .(jl_o-VI jnti bJ £ (j no uJI 
j-LjO* x_o (jjLaLULj 3j-u_>Jl -n la * 1 1 j-jalaj ^-JS ^j^Ljjlj ^j-jjJI Cj La J U U »1 qlr 

(jLiL^jj a La JLSj iSj_iai«J! 4 ntVlVl «_a ^LcuII-J^jj^ijJj-jjiiJLJ Li i .iLuj -I 

■ a ■ a j j ^1 6^-*? c?-^' iffl '-"U «j-A ' "j''^".' Buchanan and Duda l-5j-ij 

'.Jjj-Li SjJLJ 
.CiLajUU ^j- 4 iaV i^~>j 3juL*_a 4_uii (Q-$-3 J I J ^ ' ■•"" ~ I 

.(J^Ii^UI -2 

■ t ^ A 1 j ^ 1 ^Q_lj_Sj -3 

.oljutllj 8i4>Vl J^ o^^i: jl tyJaJl n ,v ,v,ti ji. u ^v ,v,ti -4 

jl 4_ljLij_^SLII) j_jIjjJI JiLa joJaJjl ^ri <_i ^^ jj-lq-2-11 i_al u~&\ -5 

• OLajVl 4j>Jlj«-a -6 
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^LWUI .ISiJI 

Cj^LaLnll (j_a !j^u£ ! JJlC (j -i i ajj L$j| (JjLlJ.1 oJUfc (_^ 4^j" miU 3 A.^tlj 
SjLcj i3_i_L2_a .-tlj j . ..A* j^JJ I j oja 1 Sj flj (jylllj 1 3ii- ! jGl ! J 3 1 n'lLalill j-lC. 

. I UVll «Lu3^C (jjSij La 

4_uL\_al x_a tp^ 111U OjIl& (JlaJsa « _ ILua >i J I j-u_>J1» -i^>«J (°-#-^ (j-* "* ) 

(j-«£j Vj . p j|j mi a 11 ^jlr^i^/l r- jj_a-cJ! (j^-^^J J-2-J (jj^i-l slj^itj 3-JU"ii ..Vl 
^ys\j^a^\j 4_i£, o_<-ua_U «G^jJt_a ^—3-^iILa ' JaJ I <JLst_a ^j£-^j 1 11 ill j.jUj^JI Sols 
j_ja_lajj (jJLc <GjjJa <j_a Jj (t_Jt^_!l (j_a I fl j I r J j r^ - »J1 <>£-aJ cH""j) 
<3-g.j 1 11 I J-i^oj-L! L^-a JLJr" 1 .i_l (jylll (( ZjuuloJ I (_Lo.» 3_3jj(_aj O Ljjcjj I jjjj/ VI 

-SjjUJ! j_uLoVL>JI JSLi^UVI^ji^SII 3_uutVl ( j^j.i_<^LII ^ jl^-jj La 

_ tl , ^ ^ VI j_j_i_>Jl J) ,",1 ]j ,j n-*%j\ ^JjLoj rJjj\-6) Ia3> cJ^aS-J La LJLc, ^-jjlj 

(ji c_tj*j (^jJI 3_LLuV! 3_lcj_Li (oic (jic 4JV j-^L^a 3K rM t_J (^JJ 3_2jjJa 
L$j (-^.oj La_ijj 44_u_uLl9 jl 4_LLo_A *JJ^ LgaJLi d I u u2\ 0JL& (J^oSj Vj t7-j-Laj 

. 3j_uJJI 4jjJiJV! lJ J2 3_aJLa-~i 1 .it, I 43jj(_U ^j" 1 .1 a A y'<~i°i Lcji 7-jJajJ -_>. 
j-aLij-J! (j-a-Ualj VI ^liU.^VI «;L<jJI j&LlJ 3_L&ljJI 3JL>JI ^ ^i\ ,j^3 
,j-a Ij-u^ (j 1 <l"_l 2lj id a A 1 ,1 djnlr (j.ujj/1 ( _ ;r Lc. J i" 1 ,1" ^^1 CjLaybdl (_£j-<-u 
^—aLlj—l ^LILa » „ -^**' ' " J 9 .sL-j-aa-jJl 3l_j_>J1 ^j jl ^^ jt 4_l^_iJ_J1 CjLaj WU 

t<l J 1 IrOttl (jilJjJi,! 3JL»- (J!la Cjlj_<I/JjS jLp£.2l 1^ Ji-Lj (jl ^jUtl (jr-IJT- l"l~lt 

^.aLij^JI J a" i"i_i (jl (_gjjj_Ui!l ,jjs (j-";!^ i£^3 ' 5-jJ^»^-!I CjLijij ui a II 'LLys jl 
(jlr *j j^tl (jjs p^j (^jijcj)) jl t((l -ll '^^,M 1 SjL^s Sa^il!)) J!la Cj!jLi£. (jlr 
a\ JLitjjj/l «l-lSLaj 2 ^.alj^J! ,j-a ^LsJ! JjjJLfl .«jj»-I pjj ,j-a j^i (j^-^L^ 
^-alj^JI ,j_a 3_ajLUI JLl>-VI » jU*.,„* (j| Jjiljj n2jLaji«I! {yi pJ-iJ! I J-A 
.3j_iai«J! I $ li h 't Ll S^jjtil 4l£.L3 iJ l^ CjLayLtJ.1 aJJt JlLa t_lUj"n ,il 
(jic-3-jljuI! JLla-oLa^Ldl /oJLc (jj^i o' 'r^?^ • C^J^" *^* '"'^ ^^ " J 
(jJLv dJJ jj iSj^lJJ! JLa_a ^ 3-ajLJ-"u.iU i-«l->IU,^t Ij v^jljlj^ILl 4j|jJ 
.djU n ill CjVLoJI J->J JL>J,I J^Lii- I <3 » 1 ^i_t (jr^-ll 3j-^" Jjt- i h~ (j-a (jS-ajj 

,-iljU-^j t JLa- nil 3 j 1 nLi^/^1 cjIj_JuJ1I ,j£. Sj£La cjLayLnJ.1 «JLc I jut w la *j j 

JjLilJ JL^J.1 (^3 3^aJLir"i,,iU 3JjVl oLohjjIj^uVIj .3nU;Uj J^ilJl 
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SjjjiUI 6uo£j'UI (joiUn? 

C_c_LJJ-lj 1 J i3_}l_C 5jl l"l**( 1 II 21 1 /olu ' fl-Q ClLa^ Lt-Xl (QjL*J TC-UsoJ LaS t^J-11 I nU 

(_, Ir 2 j j La j| Sjl mi* inVI j<v1j o' ^-° 6^-*^ t^ULull £-«-»• ^ f^y (_g J-J! 

•.^LUt^^JI 

.j^jJajjJJ £j£- 4_u_uL_ut CjuLjj - 
^(^i^' iSj$-& Cr* La - 

V^t 6^ '.-: ult W^ 1 ^Lt^}U! ^a La - 

IjLp. sl.il (jJj^l 4ir i nitl (jjijo La D^J-" •Cr'j 4ir i nitl jjaJaj -_& 

(^ jj -^a 1 1 aj ! j j laj (jSLI i L&jLu I gjlg (j .I i nl3 (_^lll 2 _. U ; 1 1 cjVL>J! (^ 

jyjJI 3 j"j^-»JI SLpJI J£l Mia 4^Ijj LaJLic J5I mil Jj-J ^-aLlj-J! CjIjJlS 
(_gjjlj_UaJ! ,j_a 7r j ir^ij L-L&j id j U pill CjVL>J! £>£. \j-±& i_aJiitj La 3.iLc 
5-ir in't ^1 (jJj^/l 4J- initl <j-a J I SlJ^U w_aljj_jl (^3 2_aL& o!j_uJtJ *!j^-l 
.j_iji«JI i_l!_aL-u ^jl\ t-Jj^Sl OJ^-J 'L"^ 
^-lUsjj (^Jl i_3Jl£J mjJ^ 3-i-Jj.i J>j^ca£ c^3^\ 4 J- mit l jLp^.1 o^-*?J 
JLre-a (^ d j i r^i i r^i t-"i 1 1 2_3jjt_t,| jj^i lj^u£ 'j^ AJlir" i ii J ^-aLjjj 2_jL£ 4_uLCa! 
CjLuI (j^-aJ ijjwtil prototype ^JoaII! jl Jl£.J Jjijj . La i_SJ_& (3jSt"1 .iJL*-a 
7-Lso J_»_!- (jr JLjJ! < . I U ", 1 1 QaSLjj iJjLJi.! (jjs JjLc (jlr sQjj^tlLi «L>.L>J 
( _ ;r i«j « I j < j i U )> ^.aLljjJ! J-t^>-J .« Loj»J « Ll*-l±Ls» 4^1 jitjjj/l (JjlJj.-Sjjjtlll 
(Jj-a i jLLkJ.1 (jjl i nJVI jl^til ^LiiLa-a 5y_aLlj-Jlj aJlJ-"i i mU <j-<-] j'j-^' (J*^ 
2Js^Lc dllli »2 QaS^J (jlj i4jjj_aj A a i n"i a 4-2jj_Laj sTilli iii jlxLJjjJ! 4j>.jj q] 
d 1 1 i nt ^£j i ii i J I j-j_l>JI «L>.^oj La Ij-juS ^jt jSju {j\ LlA J_Lill jj-°J .p^oals^aALi 
2 11 niVl a Ix-tt JiLa J< ,'m (jSLIj niLuaiJ! JLiS 2J| ,,it,L L^J j-iLyi 4^>Lc V 
i-Sj '^~J tjl J-^LJj-^I (jSLajJ iCjLaaLtI.1 JjLpJ JL^ajVlj jl^>J! ,j-a Uj^>- 

idjtjjUll 4ii!l ijl\ (JjSLj La t_jj^lj i2_aa^_ia 4iijj MjajJalj (jj^ U' t -^ L= ^i 
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I o % , L>. o-Usj j^j I (--l*-11 (JJt->J sLJsLUal A I 1 1 nt i)\ 7"J-^" sLsLual 4_uL£Lal x_a 
' *J ^ '"' ' 3' l^* 3 " **J ' ^ , **'~» rt lH^-J * 'J ^^ejJalj ^-aujuJI 4_iL>.l (JQ^ui (jl c_ i^t-i 
d ?U"U 4JLj3Jl!I 4-ii2jJI (J-u-oLiiJI 3Lclj_a aJLJt" i ii U ,j-a ^.oljjjj! < 1 1 LajJ Vij 
(j I r JaJLUaJLi jJa-m (_L£ «L#J! (j^i ^J- OjJajiaj (jlii ijL^jJI a I jj-~i i uU 
!j_iai. aJLJt" i ii U (JjSLj (jl jlxLijjJI ill U"_l Vlj i7c_uLiU 4j».jij (j-U<-a 7-Liia 

^u_Lj_JI ^Ijl^jJL. ^JLg jl (jSLw J5LUI »1» Ji^ .^Vl c-^UJ! <yj 

. interface modules 
^yA-C 4£j I i .1 1 t_j|j j in ii" »l U r I (j-Lc lj->La j-olij-Jt (Jj£j O' S-^^^dJ 
4_j^>.^1j «4_jl31j.}» Tt-uJaoj (J^. O-^^ CJLS^- 1 L)' *— t - tJ ^"J^ itl^-tJ' U\L!)"' i n a 
(jj^Lj (jl c_lJ*-J LlJLjj i4_Ltij (jl JjUcj La aJLJt" i unit iJ-UJ I J-#JJ Jljj-aJI 
«l_i-^L>. 4_u3_Al (j-OjjJuLlI (j-uL$JJ .(--oLa-Ul g) -pi dj ■ 1^3. 7r j i^aj (JL^. Ij-^Ls 
» I U r I j i^La-jT ii^i 4JLjiaj J-a-«-J 4JI (^ aJJ-"h nil 42!l! £^aljj_jjl i. . i n^ lJ J2 
^—olj-aJI ^j h • I j ~3j J jfl .tiJjjj «L>.L>JI dt£,J l!il tfjuxil aJL^-**i i n oil 4_t-£5j-iJl 
_1 v^l (j^-4-i (-r^* /?- a H>^ L " ^ n! 5j h (LiJe ' 'i**i' aJl?-**( miiiH 4_t-aj-ill d rt , ' Sj *, I 

cjLs-ljHal (j-ucjIjL2jjVI ijjut 7-jIjjjj .J^Vciij (^ (jLi l^"i iilj-^gLxLij-JI 

L«a£. J_a 4-aJL^-**i i nil JjcI^JLJI ^j^* ■' JuLi jl ^-oujuJI a! JLa-**i i nl Jjj-* 3 (J^ i hjbjj 
(JjLoJ.1 (JSLI Jjt- i n"n j-f^a- ALIaj J^ il^ii'i^j (jl i_^*j lj_o.|j .SjLiiiA 4JiLaLj 
jc3 . 4_il jl (j-1 i n-»o 3j-^ ^Lj-ulj-iJ 4_Li^ 9 I ' g^>-| (jj-^ '^ i L-4-4 i4_ul dJL>.^ (jH^' 
(_LjI i ii U jl i ~r --«- Lj aLl2JI i - r 1 -^ J^LiJ-^" ij^\ SJj^Ajj. jjul^ iaLUsI JJ£. <4JI 

Jljj V L4JI (j_a jL^tiU ^-UilIi (JjLuJI ^ ^jtlj 4JI L^>JLc fj^l] m^sjjlUI 

.^■LslIi J^J 

4L^Ja ojUi] Cr c\ "iUi^iVI *L^jdl (jJLc JLl! . j_ijiJI aLu-*Li JiLio.VI -J 
<- 1 1 iiLall (jSLxj I <ir jo^jI «LcjI iJ S l^«-ILi (jj jJI (j-i 151 all I <j-Co- LJI CjIJj i" ,jji 
I^JJI JLjLjJI 1 'I mi II (^JL. i_JjtlII c-t^cJJ ...jjii^SII JLa^/l ^ 4j j»>Sj (jl 
i^Lti J-o-itJ 4JI (ji-jj ??-olj-J prototye r-Jj-«-iJ j-j>" Jiji^J ^JJi <j-c («->^ 
j^jJI (j.u.g-TJLLi-1/j . 4_JLaVl =Lsl Jut? LaUj (JjLLj V 4jljL>ol CuK I il ,y> 
ljr £ (_p-4J =Lj-i)Lr«JI i>j j *s ii ~ 3j-^ Q 1 ^*.' liLH LaJ-^- J 1 - ^)^-^' (jr^ ^j" "'U 
4~it j tl 5_l12IJI JjLoJII jLul ja^il (j-a ii_^^II (j^iij ^j .3J^I ^ JUJI 
Llj I U a (j inl'^ ij_u-JJt ,j£. TtJI . ..4^ajjJI CjLtlj Jji i""ill rsJa-u 3rtl»*tl 
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6joxsUI feolrfjl xJ £uluiz> 

^jj-SLi (jl p" se 1 Lo Jlj>.jj 2i L<& i^-JVl c-<-(_u L>J 1 (—3 Lt-LbJa ■»■ ■ > <a ) £)> c '--'- a 

«^>.jj |_a 3jLt3 i aj K ci" 42jjJa (^ (j ii U i a j j i r-i 3 (■ u i iU j-ujjl jLfllJl aJLC 
4JV iJoJLa Ljj_&LLi (JjSLj La LJLcj Jj '^ i nflj JL>J,I SjtjLJa ^1 j j i a S 1 I I jbt 

. Ll3B ' ' ••"» fl ) a 1 I jflal '""^ 1 

J_2-3 . ..4_a_Llie_a tfj*-J SJlC (j-a dilj jojj (j! <j^-«f •£ 1 - a l>^' (V>^ "(J 
*L»-aL)j_l 3_Cj_«j/ (jl (j^JJ (jl i_3JL^j (_£JJI iCjLaal*i! joJLc jiaJ *t-^-J (ji^sLuj 
(J i 5j ' til I (_3 ^-auj-jJI (— ajL^-**i i ii a «_a t^£jj>. 21 ^_alj-Ajl «Lcj-<_u ' "*''•*•> *-Lu 
3j>j^>. i." ■ ~ j " I il ljr l^.j . LaLaj A c\ \~ -^e-a j_ul_«-a (O-^JJ-I (j2 ii— «-il_j». SjLC (j-o 
«ljL 4jlj| 4JjLiLa JLaivl Lajlj Jlaj i,j;jj>.Vl j-alj-JLl 43JjLiLa-S j-aLlj-JI 
Ij i njt (JJ JJI ^.aLljjJI (j-aJLJ-'i i nl <j£-«J hJjjs-I 4-O.Ll <j-oj • L$J "* .' ^ J-f^=*^' 
^ j i ■■ (j-o^ 4_i 2 jl 4-al Jlj>"1 i ill <d i j • > -~> t ^aLij-Jl la, Ldluj (jl CjLa^aJLt-a ^lj^>. 
Jl^Jj fd jajJt (_P=lj-o! (jr-nV iti-it MYCIN 2-°LJj_i 3JL>. ^yflj ,p4al\ fj^c 
V! . JLa>U Li-iie-a I jut (jL< jlj i^JjVl 4jejLu ,j-a lUiiq '/JB^^ui *lj^>JI 

LU^JI ^Lpll ^j-o (j^kAlJ (7) V.L. Yu *L^ f La ^1 4JLUI oLijUl (jl 

(_gjdl (jr-ijT- iVitl J-^>-jlj LaJUx. lLL! j (jja j-j^I 3^' liJLak ,jSLj j«J 4JI Cjj^Iil 
^1^21 (jLS lLUJUj .(J*jj>.| «Lca_aj?e-a d La . ..Ij j *lj-4_>JI (j_a <Lca-qj?e-a 4_l O-aLa 
(j^ijjj «lj^>JI (jlj ^LaJ^i' J^P j*^ 1 -*^ c * j *t!-" J-* J^^^J-A' Lj>J*LIi> ' fTj« i^ttl 
.431 j ^.aLij^JI (_ya (_Lvu^ jl j ij 1 a ii t 
Cj aL>JI j ' aa3> JljL?E_a (j_a I, LinjJ >-Ql (JN 1 11 ill j-i^l^Li ^-aLlj-Jl 4jjLoa (j| 
i_tja_j 2jl :i_)l j 1 11I Sj_«J dJJij La^la JSL! 4j_aHI t-L*_l!I 4 1 1 n't r-ljJtl<j/lj 
(j^N l (jl (_^l i4_xJLc ^ajjaj 7r .LSe i^> ^J^^"^ '"'" 4_ljLall x_^3^a Cj VL^til (j^-i 

UU.^ Ml*a 1 L4laJ$ (J r- l jV, : : i " J^a. JUJ.I *!j^i>. J^ (j-a ^U*-t oJliA 

(j£Laj La ,_L£ U>^ t^Ljijy-lJI (_Jji!l --«IU-» « ^ fj^^l\ 4ia3jJ,l iluljjJI 

2 U j a -» ^ cj^Ltcjj/ L^J (_^ll!j i^Lts d^j ct^' cjjIj^><JI SL^LtA jjk 4Jux. 

JLa^s (jLkaJ (^ I j j i rO ^e-a cbj^ (j-^J ^ J-J-*JJ 3j_La ^.aLjj^il (JjSLj J^2 LukJ 
(_II ^j^^-^ uilJI (-^ i>Jia2j Jl9 d ♦ t nlj 4gAl> (J[) i ii i J 1 >j-l3&1j (j^aS-i La-tJJ 4 ^JLc 
(jl J-J-3 LUoLi. Ijl 1 .1 a > j* j JL3 (^LlILlJ i(JL>J,l 3^-^ J'J^ CjLxislj^l 
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ijjljj^lj jL^j^I (JjLuj I J i a 2 * j a^jJI 3j^lj*il.l ;y_alj^JI (jl t_gj uuJI j-ujJIj 
(_gj_«I»j JaxmJ J">L>. (j-a CjLa<}l«i,l (-;r i^. J i^i-xj ^^-Aj ' L$J '-" .' ^ JJ.'^H Sj.llil 

L -1 iU«< "il l i "> 1 rt a 1 ji 1 1 .*. a l**i ) 1 Q jj > i d 1\ ... /^ 11 1 ii- a , ,a, q_a 1 it . ^ a | ,1 iU« i 21 1 i9 
.}L>J £LxLij_JI «_U3J^ (_gj MM II J-LiiJI J-^3J jJj . *Ll^L>JI ijLjJjJ 4jlj_Lulfl""j 

. L$-i3 J <hji .i (jjJ! iSjJli! j-tc i_3jjJaJ! i. i j i .m (JjjJaJ! ^c 

dJUt u^ iSj-& 4*±* ^li ^Jrh^' 2 aJajVl L^ (JjSj (_pJ! cuVUJ.1 (jl 
t_gj ui J jjiv 3jLcl_<^_a i _i I U (0-"b>o «L>-jjJ (Jr«JI «Ls-L^a L^j^ » i n~~ (_yjJI 
■ 4$j"i miU CjI i nl-»JI (j-a JJlC (^CjLaaLtll j«JL«J 4jvLla <Gj-l>.j 4*±3jjla (Jjt^c-J 
4_*3_La_it ^_alj-j £1_lj (j^-a-U (j-a *L*I Jl>.j 4-Lilaa ^ laj i ■■ * Cj2(L>. ^j^* I L^3 
. (j ui r j-jj/LjJI J i^nill j-la-il) <t3j|j-»-a Jala- LgJ CjVL»-j 4]!lal (j_a Sj-ui. 
t£uujj& £j£. ^£j i ii 1 1 1 j-u_>J1 (JIJ_i_u-(jLo- 2I /o-kut-Ai f. a " w JJU ' ' (J~° cJL^-^ 
Iflj i ."mCI (_yJ-II '«3 » i'^tl (J-0.»J i L^ajir" i .i_) (j^JI 4jj*_uIjjjj/2|j i(_Ls-*JI (^ 
. LgJ LSjJl^s (jLp-^l ^Jajtfl ^ Ui^d * Cr^'j -SjjiJI J}L>. <j-a LscjjjG 
(^J! JL>JU J^p- (j-a iSjjJ.! J2J Vjl (sCLlS : ( j ; Qi^.j_a (^ic liil j jtCu La SjLcj 

jJiJ!) *o!jl*jjj/I jljJLI ^jsLij_J! (^Jl oLayLdl j«JLc ^ j«ii loLajitll («JLc 

.(4-15 JSLi 

jnt l i_3JLa_j jl i5_3jj(J,! j!j_a jnt l JL>J,! j j \ -^ ljr j~a2zA La SjLcj 
LljcjjJj I j A uijSLij iJjLxdi,! (Ja. (j^ jj'Cii'll 2jl-i^ (^ I J « JJJ (j^JI iJliljiaJJI 
tPJIj i4iLL>JI Ji^l^iJI (j^ti JUJ.! j^p- U»j J^ U^ .LuLa^Ldl (oJLc 
-(^-j-SjJLJl ^—alj-jd (j-aJiutJl SJljLoII (J3^J i LlAj . JUu L<i-t3 «-3e-uaJ (jl c_t^t_l 

JlcI h* L^jV-data acquisition programs -v^jLiLoJ I ^_jI m'^l j-aljJ SjLc ^ a . n*ij 
(_yi siJljJI J_t2 (j'-v i JL>JI ^ i^jjJll SjlcLs ^ «LUi-Vl i in^ ^^ 

i.".ln»" i ulj SjLJlII OJ^J OJJlJ-*i ui (_^ljjl J?- '^ *JX. dJLufcj i^_aLJj-JI jLQi.1 

.3j_ui«JI 4-aiiuVI (j^-n_l (_yja 
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SjjjiUI 6uo£j'UI (joiUa? 




5>ijiJ ( /^->^ r , J 4-15jS^ 



j^JJu cLx-Uslj ic.Ljj^5 aIjLxjjj/Lj 43jj>J.I JlcljJS 4jij>.lj_a Jaj i iuJ jj£Lxjj 
J^uj-u (jic- ROSIE £-oLJj_i ^^ -3-uJ«-a 4j*-aj-i 3JlJ <j-o (jSUii) i»-L>J! ^ 

:4_o-Llili,l Cil nKtl Oaj IU->. rt'r\\ li^p- (jJ^" J^W J^-^J- 









. SJL^/) 









Ii! 
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2 < I ILj (J-«-^>- J-jJjjJ I $ ■ ■■"'' (j\J\j2\l (jl-^l J-II (Jj!l<i1II aIjljt" i ill (jSL«-ij 

(JL>J,I j-j_l_>J d i i n flu 4_t-aL>. t4_a^_a_aj «L^_ualj dJJ j LgLLSeJa ,<d J*J JaJI 
:oLaji«II «Ulc <j-a ijjSLj La IjjLJ (_£JJI 

a_i_Lj (^JLLII J < iU I j^kb EMYCIN ^Lk: ^ SjlcLSJI ,jUa dUl! 



PREMISE: (SAND (SAME CNTXT AGE ADULT) 

(SAME CNTXT LEAVES- YELLOWING) 

(SAME CNTXT STEM-COLOR-ABNORMAL) 

ACTION: (CONLUDE CNTXT DIAGNOSTIC TALLY ((FU SAR IOSE 
400 

(VERTICILLIOSE 400)))) 
jl£ lil : LaLuLA ^. jjljjuH SjJLlII J-«^>JI J^Jjj o^i SjlcLiJI ojjt (j-aj 

j-ii (jl ' "II Ui^ O^ ^li '<J'jJ^' Cr^ j'j-^°' tdliAj La-us Lj CjLuJI "j ax. » 

Jjt Jjll^J.I (JI-IJT- l""ltL3 (jjl . ( _ ;r lL : L ; LL3 

FUSAROISE (0.4) VERTICILLIOSE (0.4) 

DATA-CjULj-JI <-j| ,,|-<l J-aljJ (j-3 ,J>i-Vl a^aL^JI CjI n 1^ II ^jsj 

c^Lal h - II (-al mi-<I (^-Lc U3jjls ^ ACQUISI TION PROGRAMS 

(jl j_j_i_>JI (j-Lc j ■» i" i 11 U (jjs (j .nig 1 j^.ljillj (jijljill (_^ i "'I -^al r.tlj 

SjLcLa ^_al_jj_jjl (_yi (jl ^ 1 .1 'tj ^-aLJjJI ^1 SjjJL>- SjLcLs ibl-Lbl JUj-J 
Lai x_jj_<j/ jlj-3 jUejl <-_4j*j di! j i_al mi"^! JU£.J idjj^ja Sj^ j_La cL^jLiLA 

71— oLj^-J * . U" . ,, \<\ . 3 J_jJlJ>. 3j_£.Loj I jtl I ■" , ,.1 j] i I ^ * rt 3jL>.|j l_SJL»_] 

:Jla di^Liill j^\yA\ i_aL^£l Mi* EMYCIN 
<L )ji (jil t_j j I ouKl jl I-SjlcLs 
•o° O-^l r J9j I oJuTl jl 2-3jlcLs 

,j_o 2 j-^j " 5JLuuj aJJtj iLUajl I-SJlcLs - La ui '" 2-Sj-C.La i-.U ,V. I oK'q 
■ dJLI uilll l.'i a ^j^At 2 l< i 8 :,! I <*i ,» ^'a j j< A'.lt <j<~ . 1" - i^-~, , ,.l I Ml ■»■ aLV^-jJI 

Metaknowledge «j*lf *?j§ W 

3-3j < n II (jlS !_gjj 1 .1 a ^jJt^ i«3_3jj<Ji,l J^s- 3_3jj<i,l » 5^jj(Ji,l *ljj Laj J i^iiii 
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SjjjiUI 6uo£j'UI (joiUn? 

. ljU>- La_Uslj LsjIj (J-ujJ l) ^~" "U (jyi (Jj-^'j - (Jj^" i^ j'i . nU (jr^- (j-^- 
^-JS (^\LoL»jl (j_a J-^-^ A' J^>-" i ill (_]! 4J3jjtJJ £iJJ La (JjILo-i 4_]^jt_t-£5 Cj.il Jl9j 
(jjS^J JLSj .(Jjjs- 2! 43jj(I! plj-l! j_yfl 5-aJLa-"i 1 11 U (JjIuuJI (jj-k (J" 1 "" l!'-?^' 
(jl ■- Lcalb Ij^S-Aj 'J-^*' Q^~" '"■ 4J3j-*_a Lg-mAj (_& La ^j^~*- ."■ «L3j-«_a £>JJ La 
.(_gjl_Lli-l CjLjj" 1 .1 1,1 JJlX. (jlj ^ 1 1 .1 ) aj fliia jjfc 4^jj>Ji,! «!jj La A^gjLa 
<&j tall <(4^ljl )) 4jL"L«-1 La 5y_aL)j_l ^& 4ijJtI.I sljj La CjLjj" 1 n a ^\c I Qi^J 

.<lU-Ij SJiuI! 
:2LJhII jlct^j! ^1 jJiiils 

j_& il JL>. I Vjl jli. iCjL>.I "i i" 1 nl 3 J-C (j^s^Lj-" 1 11I (j-^-4-1 Lajti^. I -a 

. Cjb>.l"i <"ii 11 z\ 
. CjLtJjl /aj£. j£- Lu Ml ^_auj-Ajl l_Sjjlj 21 2-a 

. IjJ^iajVl (jr^jVl'ir) JLclj^ Vjl JjL>. .*Lui Jlr-llill (jl£ lil 3-a 

^-auj-jjl i la dj se 1 La j-iu 4_i 2 t I -a £oj (j_a 4J3jjt_a (_!£. 4 nl^ /y_alj-j (_£aIL?o 

^ aJlJt" mi >Ls 2-a fjj (j_a SLaj^Ll! Lai .^LiH^V! jl Sj^LaJ! jjjLu 

V 4-uL*jV! 4J2jjdl iljliel^i! 3jLc (jjli^iiij £-aljJ! ^x^a (j^ 'J-^J-^' 

V Jj 3-bal= SujLs j-aLJjj ^] L^Lj^cj ^1 ^L^iVl 5uSL9 jl U£ .3 nlintl 

-a J!la 3jx.Ls u i U 1 1 (jr-MT- 1V1II L*-aL)j_i (j n 1 <t~n (jl j^-«f LhP"'j • '^^-"- a 
«Qjl_t-£5l (JLaloJ dJLt^j3 tgjaULJ 1>J ( __)ia : JjJLI jLS 1!i! » SjlcLs ^ q**( 1 n a jj-oAj (jLc. 3 
Jtii" La^ i«La_Lj_JI ^Ut" 2 L$j| (^ i_aJjitj dJJi *_a cL&Jj i« IjjyLaJ^Li 
. jLcljill jjjjU" 4j jalj Lujjj 4Jal 1 ii4J 7-J-J-23 I ^ K t j idji^ijT- iVitl jLcljill 
. 1 ^ - .. A i <d^ , ^»j-»- uiUJI JlCI a2j1 {jut* 4_j_a^_a^- J-^' L$ J**' ' " a lA^~ tJL5^ '^4^J 
4j!>Lj (^ JL^' J J .' "*■ I <3 J t"> *.' c?-^' iflj-oll f-^J l f>f" jLjjII (j^sj 
heuristic 5u_ljjjo SLajjcaj Factual knowledge, j^l a aJI 5l3jj>ji .oLjj'n.ia 
(j-a-j^JLlJI JLlil 7c_Us^jj .metaknowledge S^jjJ.! «!jj Laj Knowledge, 
.3nl~^JLl SLajjii! cjLjuj'iina .-J^LJI Ll>.^I^l>. 

.Caboniferous precedes pemian : JgrilitaJt Wjim 

(j_oi igraptooliths ^ \c ^jIl^Z 3_2Ja_La v^jJl».j I jl .3_uj^alJI 2l3jj>II 

.Ordovician jl Silurian ojSLj jl Jj^jJ.! 
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^WuoUl .ISiJI 



. *) a 4 1 jaj * i ■ t-\ < d_ul \ ^ * ' ' ■ ' i i I j S - *i c > I ^ *n * a 4 ' » ^ * ( ,'t aj^alt^J, 1 I A i A * » < \ ,-< . 1 ' 

c_t_j_jj-Hj Jjltlu ^ scj ' aa * ^—3 JlLalu 4_p^L_u 3jl£,L9 /^-^ <4IUQJ1 Lot I ajli&jq 

■ 3 allJJU i2jLaoi«l! jjL^j! ^j mill 
4_i^L>. iSjUJlX. d ri I " V a CjLjj" i ..a t;r l£. 3-3j-«Ji.l (Jj^-aJ ^jJj-Uill <j-aj 






Language 

PLANNER 

PROLOG 



SNARK 

FOL 

TANGO 

EMYCIN 

OPS 

EXPERT 



Tools and formalism for expert systems. 

Lg-al JlJ-'i i ,i\ (j^-aj 4j*-aj_i CjL«J 3jLC tllLut 
iLiil! ojufc -i i ■■ 2j JjJL>- ,_ ;r Lj La^J-Sj '^J^-^' 2 ^laJVLj 
: 4-aJiir" i nU 2 j 2 ta * 1 1 J c I j 2 1 1 La^j 
3_aJiiVLi 3_ajLie^J.I 4^a>J! CjUJ I -ISjjJl^. 

JjVl i^al^aXI JjJai* -I 
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Production Rules ^LcvLlJ^I Jlcl^aJI -2 
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Forgy(17) Carnegie-Mellon 

Weiss(18) Rutgers 
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Toulouse 



:^L>L£Jl .2_JVjJI ^ISLlAJI -3 



Language 


Author(s) 


Place 


KRL 


Bobrow, Winograd(22) 


Xerox PARC 


OWL 


Szolovits(23) 


MIT 


UNITS 


Stefik(24) 


Stanford 


FRL 


Roberts(25) 
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AIMDS 


Sridharan(26) 


Rutgers 
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Brachman(27) 
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Steels(28) 


Schlumberger 


HPRL 


Rosenburg(29) 
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Bobrow, Stefik(32) Xerox 


PARC 


KEE 


Kehler(33) 


IntelliCorp 



UUI dj~*Jf «*ittf I j*as <*$t 

d o la )3(l ^_alj-i (—3 ^-j-ojjjJI jj . ^^11 ^jj . 1jl>. 4-tstla-m 4_jJL>J1 ^-alj-jjl 

Loji^. \jl>. VLta ojSLj MYCIN Jla ^js1Jj_l3 2 Ah^t I j /vljktl ^ L*jl».jj 

^C Cj LayL«_o juulmJlu ji ijim (jr^ijV i""n La ,_ps!j^.l JoLujLl JIJjJI jj I *"_' 
Vj . 4jj_ajJ! SjJjJ! (_yi i.. IS II JJJJ 3^^V Cr^- ^J-" L?l j' 'JaL*lII 

JI^S-VI (^ 7T JT l^ltl ^r-ljV l"l"ll ^1 Jj^SJjJ! (j-O jLxLijjJI (J r~l fl 1 1 1 I JJt J-Uf 

l!il I JUJl^u I j j ' -^ 9 j-^iiaj 4_i£jj t/y-ilsj^a ^JS i"i i ^^ mi ^JS j-u_uj tilt-o* 4_i_}L*J1 
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A * l" -». 1, 1 ^J^^jjsS\ j^_i ^J^3LlU1 ^>* (jS_a_l 2fJ . ^-au^-dl /j^£- ^£j mi ' Jl UJ "»J I 
J) i*" I 4_<_ulj.} j-*^> ' ' ' i '^**' * (J^ 'O^J*^ lP (ji ' "'»-**( ( nl CjL>.jJJ daj-uiJ -o i a Sj i 

.Sli^allJ Sj^UiJI (-jL-^V 
iL^-l^j LaJLic «lj^l ^ *lxLJj_J! jj-AJilj ..«ljVl ^ £jj mil jjjtjdJI 

*l j^/l jjjtjCu U£ i bjjLa^s ojSLj L« 3jLc i^JJI i4^ljjl JL*-a rj^i- 5J£LAa 
r-LUL^V «common sense aAuJI (jjuJId a\jJx!u^\ ^^Ic w-aLJj_J! SjJLS aJjl! 
(3-o-C-l ("M-^J J-^' 4-aLc j K n" SjJLS j mi j II iiJi-«J La-yJ .4 i^i^LJI CjLjLlJI 
ijjjfcjGj jo-A*ljl (jl *-a i-aaljll liilj *_a J_aL«jJ! (j-a liili p <3 '^ <MJ -(J5I malt 
.(jrOJUJI dU" ^ iji£l *Jljj (jSLIj 
3j<jjUII 4jJJI f^ 3 1< i^a JI33 V . SjjWia j-ii. Jlj3 V4_j_LlJI cIi}Li^5aJI 
(j_o (jl a| .a J >" in nil 4— ig* i^-> j J ' aa rt ^JN mi i La_a ti 1 1 uL>Jl /^-^- ^j^ 1 '^ 
j_j_a-laj (^ aJ-Sjll 4jc_uj (_uj_2JI Jj?"m nU (^ *_U^aJI I jut (Jjji^o Jji~->J.! 
.oLJLJI Ji£.l^2J 3j.j ; Utl dJiULi 4-<_Lj_lJI J-alj-J! 
CjL L ^ tt— ljI^ **i M i2fl (jl (J-J-3 (j_o (J-J-3 J_"J . 4_j^t_uljHj_u 21 1 (JjJulI 4_ig* i<i 
(.^-$-3 I j_A (-;r i^.J i4j*-aj^a Lajlj ^^ 4\3j_«II 3jl£.LJ3 jj 1 .nil (^ 4_ajj-~i 1 nil 
3j-j_>JI jj_a ^j^>« CjLiJt_uljILi_u 21 1 0JL& ^—3 (j-a£Ll (j^-lj ii ^ J ^J-^i ^J*.! Cjl!i 
L&j_jala3j LgJjJjLJ (jj^-J (_^»- 4_L>-Lli2l JLcIjJlII 4 U 1 .il^jJiLa^i (jl J 1 >i ii_i ^^iJI 

(^-a mata-rules jl_cIj_ 2_!l *ljj l_a ^Ijujr "1 ml (jl_£ jJaj 2 lj 3 ■■■ j'~<] 
.oUJVI Ijuk ^-oljU^. L^t-Cu (jl (_^j-3jU^. (30)TIRESIAS ^alijJ 
(j-Lc 4_jjLc j^j-c. SjJ_3_a (jLulJ!^J (jl . juvlj p^j (j^s jj^ijJ JVjCL-uV! 
IjL^J I 2 Qa 4_fljLL^_a CjLpe_jjljILi_ul a\ Jl^-**i i nlj 4 JljL_oJ1 ' d flfl 1 I )*_a (^al^jjl 

ixa-Liiyi JX.I3JLJI ^ic 3jl*i«J,I Sj-ioiJI 4 nlVi^/l > ^U* in* V Lilu .lJi^jII 

.dUj ^jjl^ ^1 a_^uji oVuji ^ sji^ai U~uij^i >^^3 (jl 

^^rJ-c j«_^jjlj Jj^-1. Sjj^s cjIjIjJs ilitjl <y±u mi j 1 1 «lj-iiJI (j ^ ■» j t ,jSLxjj 

^^.3 Q^k.LLaj Vj i^jjLj/ i_li3j^ : i j<ukj£ju f^<j<3>ljj mJJ-II i-iSjII lJ £ iij^ 

^ (j^Ltij Vj& LtjLill>.lj oLisljiaVI j-tisj 4_lUj«J «^*UI (^-11 3JU.JI ojla 

.5jLuXI JI^Vl 

,-A ^j .U'.tl ^^a Sj-Ljii- 2 t^W SjjjLc SJiLal (j-uJLlJI Sj* \ ,^Atl ^a w la « jj 

3 ,<- I ;,^l lj 2 , ,U1 I 
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3^ -, V| A', A M ,•-.;, a VLa^a < ■ U t l j .-.. , 
<> ^t M L^JL! ^jVl cjl Snt-T.t l c^K j^j, . 4J 

jlx.Ij.2J S^La d j ''<ij-Il cjVL>JI jt-jjLj u U <_t La 

i L^Lo ^ j Ja <Luu ^^; ??-JL_b Tij^r" 1 "I {j&A-* CjuLuul 
(juaj^u ,j-a (jjjujal (jjj ( _ ;r U3jJi,l s LL-u J La-o- 1 Jj-o 
.Cjtj_u_u { J^, J^L>. SjL«J,l 
(_j_fl Sj-g.1 1 .1 U 3 K ui a lj^i.J^3 0^>Ja-C J-JSj 
a! JLJ-~i 1 i>l—l Lai nj-uajjja JL3.L> u jUtl (jr-ijV i"i"itl 

v^jlla^lc. »Ij2"h.iV (Jjla (jj> Sj^jlLI vZjlJLaJ! j_cljla 
i3 1 .' *° "' .' *— ^ '<^jV *"'tlj (_p=!j^^(! (2tv 3JI-JJ SjsLt 
!j^»-J^s cjju»- L<t-? ji id j i'r-iLjjj 4_Lxjjljj». 3j-^ 

lj^>-j^3 I ii i^ij J irO ri tl I j_A jjJa ^ U ■» '1 j iSj_laiJI 
4j>.jI (j 1 -^ L*^ i2-*j_m Jjj Utt ( ^ J a (jl-tj^' £ri£._jjll 
cQjj_>J! d j ■> g ; 1, 1 d j n i»l tc_U3jj Lajs Lfcj j 1 f\ 3 
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■ a j j i -sJ I 2 aJaJal ^Ir 3jL*l«Ji.l 

i^jLqj I < U »l <\\c j t LL^! ££j I mi') ^JJI (jjUiil Sjjjlc i_il jin! tiJLLa 

pj J i"i Cjj g Ui JL3 j-jjl ii" tl ,j_a Ijjj£ (jl I g m.) (j-o i3j_o.^(! Cjlji i .itl (^ 
jj_a dJJ!i ^^ z?-"- 1 *-* (- ii ^3rJ- > " ' N ' ' ^ ' a JJ O^.! - *" '"■"'" /^ s ' Ia3»2l 

L*jj_<j/J i5-j.il irViqVI ji A jt ir^itl 4-o.LJI ,j-a >I_ojj/ > n"i -r a 1 1 stliutL) i_ojJLCj 

1. 1 1 1 ii ) ^jl j i ii ills (-jLmj 2I i ^* ,^tl ^-yj ^jLu V 1. 1 1 nL>JI ^jt Sj£Ls cj! i ii ) La 
i_lx^UJI *b!(jjSLj jLSdUjJj itlryt-a r-n V uu j^ijG ^juJ J iliJI j! t^^jV 

(_, ir^iV ."ill i . mjUII ,»LajjfcV (jj^-J LaJ_t£. d j j U 1 1 CjLiLuJ! j j i .1 ii") (^ Jjiis! 
(J jJa tfUoVI lJUfc ^ crV^I CjVjUJJ ^ i^ajLit^-ul JL3j .(_La? jjj 
iCj! m"i i nil iJ ls £L».LlLI SjLo^oJI jJj-^-l' OuL^ L$J2 Lajj i4-Lajjl^i-j sLuL^ia.! 

.^ n <i ni]\£ L2e-us\^ A J J ' a ** 7r J i<*> I La ^jLcj-iji (1A-^J 

Mathematical methods <bwiibjJI 3jbll 

CjLjLSLlI i frii^i_)g^aL)j-l CjJjcIL^/I IjlgJji CjI t^-w^U.1 (j-a 3.g.j^je.a ^^1^. »Lu 

4jLjj-LaJl 0j_A JLalLftjJ i4_ujla ^ys\j^.\ jl CjLa^Lc » ) LtC jl A^*J Ui i.nleJ 

jj_a 4-g.j-gje-a Qa^-J oJ_& l_LlJL>. (^j) CjLjLiSLII (j-a 3_cj Jl jfc_a ^LSjjI (^i^- 
' a i-a j (j^_<uj i ! -5J_5c-aj Lsjijjla v^jLlill qjj L^la J£ J-JJjJ Ui^-d (lt-^J-M 
S-oJi^J oj^J *h4' J-i}^' cr* '^ ^P* X = (xl, xn) vector As^IuSaIo] I 

n 
P(D/x)= 2 a j"j 
j=l 

Q<^jIiJi.!-3j_LaJi.l u^\j^.^\J X J ^j^j-> ^~H D 't_yzjj all LlA P j-ajj) 
4_i_Ji^Jl (,. , , , i - »«jj , ^.uaj-LI jj-a 3j-uS cL£^a.<aj?e-a cLx^lj J ^j-* a j ^ ^ a"i i uJ Oa-O* 
( _ ;r JjLA : ) jI-J^lS ,j^ S-Sjjjla 4lil (-5 -aj-Lj tjLS I jl La JjJLajJ JjJL>- (jiiJj-a JSLI 
Jlclij . Vj»! S.jiLO^.jjL) (_>^i>^' ^^ C^^ (j^J^-^'"tl U^ 1^1 Laj^-T 
aj^Laj^ r-ljLajjj/2 (^yx^jj,! ,j-a =U£L^ 4_Li£. jLjcj! (j^ cL2jjJaJI tfjut 3-)j< ir^i 

.(jiijjJi.1 =LLa (^Lu (_gJJI (_p3j-I.I ajjjalU (jjLi-u^I ( _ ;r a er^'j 'L^-° 

Cjlj^a- i"i ^IjLitjjj/l (^yl^. J-*l«j dUj i iU ijj^' '^jj'^^ ^dj-^ ^LlAj 
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►LpUl (oicg i>JI ^ Sj^ill tAfelll 



^Jl 4_JLc ^-iLv^l i^gJijj iVjj-u 3 Lac J£ JiLiJ ti^o. decision trees, jlj-2JI 

4Jal i .ijt-CjLa^mi »l glr jiaj 4^-j (j-a-42jjJaJ I o JLA J_l«j3j i^r-ijT- .""ill 
3jJ^9 aJlC <jLiIo*1 - *j j la >i 1 1 i^gjl i ii tl jj-° (^-tJi (j~* (j- 1 '-*^ j J ^U-l* '"'">' 

4J3jjt_U /^ ^ LIa3» I (_3i i ii**(Sl jjtc 3jl^- Mill Jjjuu 4-]g * i ^> j i(^-auj-aJI tfjJsloj 
4_lj_ljJ! 4_2_jj_LaJ! tt <i < ti~_g . J-Ua-Sl 4_lSLj_Ll1£! CjLajl«-a j^Ijjj LaJLic jl 
4JjL2js J!>Li- (j-a ijjutA ,_p3j_4J (j-ajj-U SjL^s! JLto-l t-iL^utj ' Bayesim 

a^l-^t i j^lj^U t^uJJI jlj^oJL. o^i)-* 1 cr^- ^^ ^1 ^Ij^Vl 
JLal».l Jl«j P (s/mi) c^JL£ ! jLa i^J-^ '^ 3jU<u 3_>Lual 3JL*. J£ ^ 
Jl^o.VI JiUf P(Mi) j iMi (_p=>o (jjs^Ltj (_>ij>o (_^ S <_p=!j^.l 5t^^M « 
^\j£.\ cJaa.^1 !il (jil 1( jj-Uj«1! (j^Lk^i/Vl ^ Wt o^j-^ SjL^^LJ ^j^Vl 

■.^-JlUIS jji^SLj Mi ( _paj-4-J 4HjLi-£3] (JLiIo*l tl)L3 i Lo ^j^jj-a /J& S 

P(mi) p(s/mi) 
P(mi/s) = 



2 P(mi)p(s/mi) 
i=l 



: 3_JLlI! ujLjj/^U < . iUH JL»-a lJr £ jjj^iS dj i .ijjtl cLSjjJailj 







-16 JSLi 
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<j-a (_,(«! jtl 4_o-l_Lll jjji Qa£j ^ylll 4J3JJ miU oVLal^V! jj^jLlC JJlC - I 

JjIjlJ! a\jJx!uJ^ 4jj.L>J! J? L«£ iSjjjj <-3jji3 La Ij-iLJj !jl»- j_u£ jlcI^JU! 

.^SloiJI SJsj <j-a JiSj 3-i^sLJI CjLiI nit djr^lj^Vl 
mutually exclusive Liutj I j l^jj w ^"j ^Ij-aVl jl j^.!jJil! ^jlii" -2 
jl>-Ijjj La IjjLi cjLUslj^i! ojutj ijLpcV! ^& cjjl»-I cjVL«Io.V! *-j-«^>. (jlj 

4a ij ri r r^i a jjla^c. i_3^Litj id r ^-1 ? m La Jjj I jl jlj_ill JJ>JJ u^J-i^aJI (j-a -3 
g-fcLil! J^ (_,!<-, J_aU! ! JJt 3jUmj hj^jV iVitlj ^palj^V! ££J JaLujV! 

2^,1 ,^^VI 3>IaJI er^. aJUlUl! 

L-i-L $ -aj (j^Jj iJjsjiJ! (^ u 1 .ijjtl (_, jUtl (jr-ij-V ."."ill 1-16 JSL»i jljJsjjj 

.*Jsl^]| u*> tLJaVl L$j Jjjjlj (_pjl 2_2jj_LJ! Jl«j V 4j| j£jj (jl 

5 fc»'.S?l ^^ Sjl^uII JjjJaJ! cr'S ^aLi^VW -11 ^^' jlcIj^ JJjo (jSUj 

jtuil ( _ ;r U3jJi.! ,j-a JJLuJj (j^j - " (J-° *>^ L?^- Cr^ ^J-^J - ^' ^->^<L><J' JJ t-w 1 

^JdJI ^Ij^LutVlj g |-,r,,„VI <>^ L^^ *aJ(jJ( 3 j<jmKV1 o>LaLUI 

4-<ujL*j Jj^ Q^jJ (7) ARAMIS £jj-i* tiilj Jllaj .sLJaVl La^-a jjr"i , „j 
(Ji-J-J Cj!j_iijl! ,j-a IjJLC (j-SUb 1 1 '^JJ-a i -i-uJaJI (_^ut3 I a K a i JijjjLi Ll<j/ 
2_cj_a-j*_a j| (jAjjJ. 2_L5|_a-a 5JLs- (j-C j i.iii" i.nl CjLiLlJI SJlcLs (^Jl L$j 

< ; M.'t->H Cr^S! L* 5 -" 'lP^A' (* -^J J"^Lt" ("S-^J L^^-^J f<3 lr ^J" r '"'"' <jh u - u Cr^J -0 

. cbJajjJ. j-jH2l! r-^L«JLi 
J^cljJa (j-3 (JjLaiJI a!jLJeIj-uL] (jJI 4_ui Wjil<-u! g j'll ! JL4 LJ J^JJJ 

( _ ;r l)! cj ! j_<i/jjiil 7r jt i^itl jLlo.VI (ji^. g a ' 1. 1 I j-* r^-? • Ju ^- LX i3 iCjLjLlJI 

Cjj_jjj SJjUcjs JfLa iCjVjLe^i 3jLC ^l!j^>- J^J iCjLiLj-lJI JlC.Ij^ ^& ti^txj 

,_LJL->o (^JLc ' J-«IL«-a jLlo-VI I jut jLuipJ JlcI^Js f-jusjJ i Robert Blum *^L 

4j=_uj 42!UI (jljLaS SjJaLitA ,j_a iji! j (^yfl La «_a iCjLlLuJt JLc!j2J ^1 i <-i -«- 1 
oJ-A Jia-i 7r n i n"t !>L3 i3j_ujJI 2 ^U'.'sJI ^^a Lai .4jiaL>. jl 2 ,^al\ CjLJLlJ 
Sj^ Lajij-" i ii a L&JLaj CjI i^i^LIj (_gl Juu-Li .i SjjjJI li i . 'JjtMl (jV »IU->.V1 
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i(l U"~ V L$j| J-aljJ (j-a Ifliij 1 11 La J£ ^£. Sj-iaiJI 4-aJaJVI j^aJ La q\ 
^JN i"i ij i«b Sjiajfc.all 4J3jjtll «-auj-iII L#J a JL^-**i 1 n 1 (-^Jl 4_Ltzj£jl LAL ■■ jj 5 ) ^jt 
.4-jJjliTill 4j*-aj_JI 3>^ LaLi LalLu ljuk 
IN-J ( ' 0) PIP u*_uj / 9) MYCIN 02-"^ La .(^A .^Jjjdl iUlaiVl ji£lj 

(l5) PuFF t iiJj^j 1 (l4 ' l3) CAsnet/Expert, (12) VM , ( " ^ERNIST/CADUCEUS 
^ 4_cts-iVl « juk . LLlicJj . 1973 ,»Lc Jut-> O^OT L a j_ H1 - > j (I6) IRIS j 

(-f\ v i/*«t a lJ^cIlj_u_l3 -d 1 ^ 1 ^\ 1 1 , 1 d A jjtil / Lllq ^ u d_j i a * ^ J I At 1 < 1 .-^ H I jfl l L i ^**( ( ( |1 

frames «oljLL)fl» j^lj 2LJVjJt oKi^t! o^aJIj <^LoVI jl^I^JI 
CjLa^LjLjl £j\-i Jal—Ljj x I j^J-l -n g J I J 1 J ~- 1 -^ LUaj] {jj aJILse j LaS (_)-£> ( _^ 
CjLa^Lli-l LUajl liJLufcj i,_£jj>.| 2 ga. ,j-a ^j^j-- uilllj 2 ga. (j-a ( _pslj^.V!j 
j_J Jjuj (jr-ijV i"i" ^1 Jj^sjiL! ^t i in lfli>i + j'3, i3_aji>-~i i nil CjLi^cjjIjjjj/V! (^ 
(^■u ^j)j-ijl ^jj)jj>. 21 Juj-i La-Lu 4 1 a 1 1 ■■ rt 3jJL?e_a 4_ujt_a d 1 1 uj «Qjt_t-£5 <jLaIia.l 
!j_o-ij lu^jJlII I JL^J 4-i^sL>. CjLjse-oIjJjj/I (jla jir~i i .1 a 4l«H>J,t CjI i^ijt- i""(tl 

. 4Ja_a Jlir~i 1 uj 1 .1 (JJJJI lilxljlj «LJaVI 42j <■_ . 1 uSU 4jjj|j_iJ3 

■■^jUll JUJ.I ^ 4-u-uL.uVl Sj-ioiJ! 3ot^"iVl ^LJ! *>>JI i-ij-ajj 

MYCIN JmiW 

3_usL>. 4jJj>II (j^lj-a^! ,_^Ljitjiij jjt j_ujJI aLtaJLJl !j-& ,jji lj3JL^JI (jl 

^c SJjiJjJ,! LpSLJ! (^Ic ljSjjuJ! JjL*jj i^Lt^jJ! JjLJIj ajJ! (Jjjlc 

LaJ-Lc 4_il j_& jLjjlI! 1 * aj 1 1 j i4_u-uLlU ^Lcj^JIj r^L«J! r-lj^lj (_p=jJi.! 
LgJ ^j^tjj (_J^_aJI jl aJJI (Jjj 5jj£. <lla ji-Li i^^ajjjs (jJLc. iJjLa^Lc j^jt^i" 
j_Ii_ll) 4_lj>.L1J! JLcljJa J'C i"i ^^ Si ii" 1 .it, I CjLajim ,^c. j-iJLJ (<U i5x.jj-a 
^JN mi ^-JS l_j_aj»A 4_uj-ll 1 tLfl I flj; I jj-a JJJU 4_Li_iJj-llj () 1 -^ ^-jLul ^J t *<* II 
JLs-l jjiijj_aj JLiII I jut (Jjjujj .2-16 (J£L<I/ (^ JLiII j-Iaj! i4jjj£jj SjjcjIu 
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medicament 3 3-">Vp 



MYCIN JL_J| ij^s.2- 16 JSO, 
2 j I -i c sLl OtJj^>.lj ^(jLITLjJls. (jbjjlj 3-4-iJlS 3jL>.!j) fjlj-o Cj^Ij 4J 

^j^ljjJ.! [>£-lj ijO!bjj>J! jrGiij3J,l ^JSyi i^i- 1 ^- <j^ Jj-^J Sj^Ij 

3K Mil j-^udJI -Sj^*-o Sjj- Mill aJJt AjuoJt] ^JjlHj idiljd I Jo-lj «ljj ^U^ ij 

- ~jj-m ii liit 2La]l»J,l CjIjIj£j]I (^Jl 
4iill A i uU Sjjj^j (^ 5Jj fl i in £LxLij_Jt (^ 4-aJLa-" i nU JLcljJjJI j g taj j 

(alj SjicLs 3x.LJa jujj (j-uLAJ 37 jJa w-aLJj-JI ^1 Liliol liLa t 3jt nUII 

t^jVl a^LJaj j-aVl I JL^J tj^ujLa U^Lulj .37 

-.37 5 jicUa 

j Gram-negative i_JLj/ i_jjj£L<1I -2 

j «V^» JfLi „k <^l " 3 

(^nj^a^Vl j^^-^j VI (jijjy V) ^l^o. i_j^SLlLI -4 

. « enterobacteriacae » fjj ,jj» i_j^£Lj1I jl (Oj 8) ^^a JLjj^-I dJLlA -.(jil 

SjvjJ cHjjJ coefficients vZj^LaUll u m-^j ^ mjLa (jl Jlill I J-& (>jjj 

J i^inll (^yfl L&I i-> i>ijl (jjJI «L2jjJaJLi ^LjLlill ijjut Jajljjjj i^LjLlill JL«lo-l 
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(jl^ jlsj fuzzy reasoning jlS'JJ.I j^j-c. JVjCL-uVI 3 uiJaLLa Jti^. j-ic (^JL^ll 
tf. j-La II ^j^"" ■"■**''' SJlCi i ii U 3j-L4_>J1 tfbj.La 121 tl^-i '^'J '— t - a '4>^ tlA J - UJ '- a 
(jy-ka <2>C- l.^'T jll (^ ^jJS j_uLj 4J tjl^CjIjli n't I ii U (^ 4JI <!■»" I ill j»J-C (O-C.JJ 
Cr ^s>. tSiih^sIl f-^>iJ! ^ *!j^JJI Lfra jir"i i nj ^1 JVjlx^/VI Jjj-k JrH-^ 

Sj^La »l <iUII (J^23 (^ J infill tj\j-uj[l (jl^ jlsj 1 1 i<-iji i iUII JL»-a rjL>. 

d J - ' '" (J - ^ ' '^"* (^-U-uJ La aJLj-I i nl L<j£ <j ...All ^c «L3jjlU SjlcLS J ' ^^ 

• tjr-IJT- l"l"lt Jj^SJjJI (^ I jj < pJ (jylll JVjGjJ/VI 3>^ C 1 -^ LA^ ' . 'kll 

Present Illness Program (PIP) «jJUf giB^ll £»Ll jrf 

<L^ ifljj-U Jl«jj .(^JSJ! (_p='>°' (j^^V'V't MIT (^3 j-aLij-JI I jut j^Ja 
(ji L$J VliLo (_ylaji jj '(j "■«* iiJL\ll J i^aAJI j LaJl) 4_usj_& CjLJLi£ JSLJu (jlr 
L^ctmJ t_g-SJJ i7t_a^U,l t j-a plj-ii Sjx. 4J QjSLj tjl tjLiSIU (j£Lxjj . 3 - I 6 JSLi 
■- ■ ' * i) I La ■"■ * clLtJtj /^-«5-i ^j^» Jig '(■ La mJ "»• " ^ ))) La * xj^^a ^jLjSJI <JJ^>- i^\ 
Jl_uC j 4 (' La ■"■ * j-±£- ^ I) I JLt-u-uijQ «ujlj>o ^§^>- 1 tc-o^Lo lJJ LlAj t (< La ■"■ 1 «L»_tIu 

. I La uu 4Jj£ ^c Jj^l oW^' <_aJ3jjj LajJ^. i-La uu <U-uJ I (jW^' Cr'i ^L^-*^' 
-}J^>-J (jl (. i j i .1 I Lol ij^»-l oW^ jl J**i->»l «Lij| (j'-^-" 3JL>- J-J-«JJ (jl o^fJ 
. I n fl i ai j I (jLtAio Li^jV jl '>i-^l A^-J Cr*^ I o Am> -> -? 
^jljOa j\ ijr ^>.^ — $.\ n i n**n nl : t. t ii i ni l 

JjUia 

. Streptococal ii^ij :t_j 



/y-LSLlI -n se ' ga j ' » d j ) LI aJlJI daJi lIj iaa ija l^JI -- 1 5 ■**' i ■■' :« ii i i nt 

. glomerulitis 
jLs- i_£>l£ J-<^ '.CjLa^.LUaJ.1 ujLijj/I 
callulitis (_£jKJI ^-jumII t_jL^lII •.-.! A^ I ,%.! I 
ajj glomerulitis (^-Lc Jj-J (j^j- ^ f-^J -0 r'- 5 iLaJLua '• j-J-*i' o r '±~ r '"'"^ 

90S 



9 1 5 '■■**' I "I /^Lc (J^ JJ^"* - * 

Henoch-Schonlein Purpura (^JL. Jjj (jJajJL *sJl 
PIP ^ Acute, glomerulonephritis (jL£JI <j-a *>»• 3 -16 JSLi 

INTERNIST/CADUCEUS 3*L jd 

» )j-dJ La jjx. Cj Lag I * a ^j i ' ^"'^J tTj i i <i**m 1 4_*_aL>. (-J3 ^-auj-jjl 1 J_A j^Ja 

,j-a t-!j-2j La jLp£.Vt iJ JS JLs-Jjj i4-UliLJ! ,_pslj_a^(l lJ JS (jr-ijV i""l 355 (j-a 

.oLcMJIj ^Ij^Vl <j_a 5500 

. (_p3lj-a^Ll (_£o_uj ' ^*-^>" 3ja_i-£3 /^ ^-auj-Jl 1 JL^J 4J3jJt_U SJlcLs JlLa-lj 
Cjlii^^m J n i"i"j iCjLti^^mj (jlslj-oVI jj-tj (j-tjiLso! (^ Jajljij dJLutJ 

« d 1^ ^ y 1 I ^j'-^j**'^ I C^-"* '"'** )} 9' td 1 11 a~w ^—1! j a ' -^ jj»a ?*\9l>-^ Qj^B 4j>.j J_i 
lULujVI -Slj-b! (_£JLa aJJt Sail! i>-J-S JS-aJJ i3 1 nn-w ^1 I ,j-a SjJS ^-J- 5 L^J 

.,_P3jJi.!j 3Ji3.^m ijryi 

ilui*. £yi *S.>Lu_a j_uL INTERNIST/CADUCEUS <> ^==^1 iSjjis <jl 

(jlj i ■■*_■ V (SjLsJj 3ji<ij-3 La-AjLOcLl) I n iti^l^tj^ I jl (jl"i i h'^LlLo I -i gj| ^1** 
^£.}L^a 4j^Lj i_dl_L&j iS^j iiia I n (j '< a J£ aj i mVi Laj3 jj£| CjLtaa-^La (jm_<to=-a 

» i _ ;r Lj LaS 4_jj?e_u1jIo_o1 
(j-C (Jl^cjI iCjLlUsj^ J-Jjl <j-° J-^' <-^ Q"^ <*itl (jL^ I jl : l\ 1 1" i ..VI - I 

.cLt^LuI! Cjlji>ij-aJI JJLC (j^-ijii-^j ,j-a (jSLaj ^^1 3 Jjl i "II dlk-w^Lll 
(_, Ir 3^j i4 j 2 j>_i A ni'qLUll oLlUs^AI! jj^. r-jljj I Jl : j-^uill! -2 
. d n I" V a CjL>-jJ I ofljUt" (jl (j^-aj CjLaaitA ,jx. ti^tjlj ( _ ;r Lc.VI ^"j'^J-^^ 
(j^. li^tjt ij^LJI jL*jIjj/I Jju tjLul (jl '^j-^ uu ^jpli I jl :4jtjLlLI -3 

.(jJJLA JLs. ^1 La^jL>.jJ (jrU 3j-^Ll J ir^i'l CjLayL«_a 

Ventilator Manager (VM) S*^ji 
fjj^jjji (j-a *j^ti^ Larry Fagan o^^ tSS^ J-^'-b^' ' j-* ii>Ju=JJ-"l 
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^-ouj-jjl l_3JUjjj t flS i in i u tljJ3 (JLj-u (3 ^ '"■**' ' ■■ rt J Jlj^LlLLuu 4_*_oL>. (jru iJJj" i"i a 

iUlljJ.1 cijL-uLLaJ! u*> L*ji^>.j J^jIjJ.! »Uaj.Vl i_al .':■"<! -I 
system life support SLljJ! 3j_iL^_a 3J_£j>.Lj J-Li- mj! ^ic i_SjjiI!! -t_j 

louini *ij^-V r>^'i 

^ (jiajjj.1 5JL>. (^3 CjIj-lJLI)! jo- 1 *_a i4jJL«1I ^ oIj-ljJlj £-!j-i^l "-> 
(j^^utl ^^k: IjjLa jjjSLj ^1 Jla i£^^ ^°^' 4L^kJ! L^ljokVlj jLpcVI 

.4_j_U3j-a cLojjlaj j-u_uj 4_it jj_o JoGlJ r-^ljtU 3j)LL*Jj 4-iLa-"i i u 21 Li ^j_lUI -_& 



Casnet-expel (Causal Association Network) 



a^jtj",! ,,-iVI^-,-ilt;^M ^ (4 -|6jSL.i/j-laJl) i2jLjj"iina SJlC (jlc 43j-«aU 
(_p3j i I I 4-ljxjJj j i .iiitl j_aljlij| (j2 J ir\ci\\ I JLA (jSLai JlSj ' ^'^J^ - '"'"j 

. 4J3jj_*»oj «Lst_ua 1 J >."■">- i <<■> t 
4 j r;." U^Lu iL3>LiJ!j CASNET j-aUij-J fi.uuu jj> EXPERT £-aL>j_i 
cj VLaJJ j_&LLi J_lj_4j dJI_L* j_«_j f«sJLa t(j\ . .mLx^Ij jj-u^jLo (j-u 4Ja^L«JI 

La£ i^jj>.t ^_alj-J £l_u /J& 1 JLA AjL>" i nl Jl9j i4_o* oj ajLdlj 4_O^J^_u_u_jjiJ 1 

.5 - I 6 (JS m i ^^^ 7c_ua^_a ^_A 

:g_ljit 4j>Ij t>° EXPERT jlcIj^i <j| 
CjI t^-w^U.1 (jHJ CjLLajljj - 

cuLUstj-^Vt tj^i iljliajljj - 
oLsol lJr £ LijIj) Jsijj-II Ui^j5 "t'ilA^ 1 Jl^j LijIj) jLcljiil! jjjjU" ro-yj 

^.a 3_m>.Lij'^I jlc I j-SU rL-ul^^l 5-lT J-4*j I J-a oj^ o' l£jL^) <*Lx^I 

.(j_ic (jJl-iJ! Jlr^lfiH 
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OBSERVATIONS 



1J1II ,jS S^iJI 2 -i fc-'.V I-I6Jjju>. 
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►LpUl plcg uiJI ^ Sj^ill tAfelll 



(UijTjW) 



EXPERT 



r*^ 1 



^ 0^1 vl. 



EXPERT j CASNET _,>- 5 - 16 j<a 

Jl »"->»l 5^>-jj oJL£ ijLa ij_l^^/I 3_«_l2JI J^Ll^ jls-Jj Jj i5l«lj1II! <j-aij 
JU^.V! 2L>.jj JlaS , 04 JjUj Ucj <_ . i n~<* *u , 06 JjUj Lo i^jJs 

(_yfl J-J-«J (jjJJ f-^J-M Ij-A (_P-° lS-^Jt^ i(jrJ-uijLa fjji J-° 2 1 ' rtl'ieJ La-Lu , 06 

jV !jj!£ jjLjJJt i_allie3 V di! i *_aj . 76 (jJJ J i ,Vi 1 3_lU3j^JI JL^o-I 5^>-jJ 

AJLJ-" i n" I J Jl l_a^ (j1^*_aljj_jl (^ 2 rih^e-a jjl-K-a LgJ JLalo-VI Cj^LaL«-a 
«L>.jJ f^JS SjLjjJI jjl-J-ujLa l-i 1 n-fcj I 1 mj'^ '.^-aLJjj J£ ^^a d ri 1" V a 42jjJaj 
f^aijj SjLjj (jjj JU0.VI 3^.jjJ ^^LuVl JSl!! EXPERT ii.L . JUl^VI 
JlX.Ij2JI ,jja jj£V! -JJulJI Lg^c JU (_pj| <Lu^3j-ol! 3.>Lj) i_jLuusj <LjLg-cJI ^ 

(ji Vj njijjjj^ a_iJLi um< «ljV ajjj^i.ij <dsj (jSUj expert £_aUj_ij 

.«GL!jJs I .< ir-lll (j-a (Jj«^*-J 3_aJLa-"i "it, I Cjljl r^i'-^Vl £ya f&j- iMI JJjlII 

oJsjl^Lu,! ^1 aj_u.Lu.Vl Sj^JI 5-J^Vl ^bJI Jjj^JI o^*\l3 

.3_uLJI cjISkU-.H 
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(9)SHORTLIFFE 

(ll)POPLe 

(18)Shomliffe 

(13)weiss 

(lO)Pauker 

(15) Kunz 

(19)Fieschi 

(16)Trgoboff 

(20)Gory 

(21)Patil 

(22)Martin 

(23)Engelmore 

(24)Gascuel 



«_auj-Ajl p_*_ul 






MYCIN LjL^JIj 

INTERNIST/CADUCEUSa-ULLJt ^Ij^Vl 
ONCOCIN (jUaj-^JI 

CASNET U^LjJ! 

PIP Su^KJ! oL.IjU,xVI 

VM (12)Fagan 3j£j_U SbLuJ! ^-Usj-a Sjulio 
PUFF 4jjj^J! ^Ij^Vl 

SPHINX 4j^« j»VT 

Iris J-°>" 

DIGITALIS u,lStl 

ABEL PHCOHTROL 

MOLGEN Sl^^JI mj^ 1 ^a-^3 
CRYSALIS LTpJ>^l J^ 

SAM ^LjJJ! »jd! JaA^» 

I..U1I ^ya S^hh^ 1 "UJii'V I-I6JjJl>. 



(j_o lj-fi£ (jl (O-C-JJ ' I fl i J ^ * (jl Sj j j -»JI joJaii! <j£-4J (jr^II j_&!^2aJI jj-u 
^pJI SJLjJaJI r-j^ij SJ^I 4aj1J (_g JJI j-iSLalll Jai. £-LajLi di! j (^ic i_Jjl1II 

id-i^LjJI 43.il_j£. (_y3 i . . j i U 1 1 Lj-a jir~i i ,ij (jl <jSLxJ (_^JI iSjji ir-itl u-i i .iL>Jl 
j-j_lS ^_oljj-_lj J ' a **' ) /^-J d J *J „ " ■ la j la 3> ^—J! ' (_A_Jaj| r-Lljtj 2f tiUjuj 
(jl pfl i nii ti «LJa}L! LcSLx-« (jj^ O' I '^*jl V^ ^*^ • ,J 4 J 4 j^^ Cr^ - J-"*-*^ 
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iSj-g.1 molt (. 1 1 nb»JI /oJLc »LcJ" i ill iJ l\ \jj ta i aJ (jl (JJJ /y_alj^JI I^Jj-*J 

.3JVIj aJlJt" i ii U <j-u ( _ ;r LijJl J I ,^~VI ^a ^ i n-»j jj -i . Vi'j ljukj 
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3j_i_lJJI < la ' j| jjj] J i^a-aJI I j_& (^-3 j j ui 'i 
. L$_Lo ^j^* i J Lj u ' ^^" I a ' •*•* J fylajja , d . ,A , , U", T I 

META- $ DENDRAL Jl jiMjdU^ J' J*^* 
DENDRAL 

^ l-SjjOJ! ^J (I) DENDRAL JIjJlIjJ l_sj^ 
aIjljc2jj/Li organic Molecule-^ jjiajtJ! s^J^JI 4_Uj 

. i . , . ^" U«i a , d i A i L-\ 1 1 a d i j| i i L-\ 1 1 ^ Llq—iSJ 1 < " 1 1 J I U 
Cjlj!i ^j^ * i J 4_LjHjt_a CjLi_pjJ] CjlJLj_J1 0JLA Jl^_u 

^ljLJ-"i i,,Ll cliLJlSLa^l ytf.j^v : JLjjlJI -I 

lpk~ j.~'*jj 'cr^- J< "*J lSJ-II Congen *_oLJj_] 

J. £j_J_IJ_jJ_jJ .£ <LJJ_^L^I (;? -S_ ! -3 > J fjjlj^ 

. Lederberg 
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I ? j l-i LjJjLlj I j j "j-3 CJ2L4I0.VI oJLA i_4JJjj *-a 1 L$-i3 jlV'H ("Cbtlj (jH-JI 

. jl 1 11 selu nA 1 jl ^ „ J^* ' ^-^J^ 
j-jj U" 1 (j-SIj ?" 1 ill ( _ ;r a-LL«j jlxLJjj^ JljJLyJ LLlo ^ JLa-"i 1 n_i (jl (jSLxJJ 
(j-i-JJJ iSjUJl*. JlcIjJS jJjj Lt£ ijljjjjj Lg-a Jti rl 1 nj j^aJI JlcIjJjJI ^-uuljj 
JjLcj (jii-a ^J^ ii^ 3JVI *_a J^blijJ i4laLJu d jiijU CjLa^Ll-a lJ \^. dl or 
cljLLjj^>JI Ij^so fi£L^J (jjJI jLcljJiJI |jl i<USLsO (jjJI JLcl^iJI i_al uij^I 
'.(jJLllI pj-JI <j-a SJlcLJS /t'im 1 11 j (jl JljJ-yJ LjjJ. <jSLaj I jSL&j 2jj i^ajJl 
N-C-C-C — >N-C*C-C -.Sj^La 
jtl^-^jJLlJ Sji (j-Lc i^jJLshj 4| j;J^>JI jL£ I jl sUl SjlcLUI o'jJt, (j-uljj 

^j j (j-tJ QJ^J' " J i^irill (jLa 1 j^jj£L!l (j-a CjIj j CjMj (j-a d 1 1 11I 1 lit 4 1 1 ,i"i a 

^~ ' "j D3d>^' 
(4) MACSYMA U ji. .<U 

J_aLSLlJlj J-ua 1 li "i 1 1 J.5I 1 .1 (Ja. (^ SjX.1 1 noil £lxLJj_JI 1 JLA <_SJI£JJ 

vector and matrix algebra .-.I j ->".! Ij oLa^ii^all j^l>.j 4jjjjJI oVjUIIj 

'(j-C-1 i U i-^Vl *L£jJI JJjLj (^3 ,_£j_i£L1I jjg-y.ll J^l w-aljj_ijl I JLA Jii-ajJ 
.^_auj-Ajl (J <i ui ij i4_u_u ^ 1 n <i~w (_11^>. 4_l3 (JjJLlU C^aJl f-Luj 
ojutj 1 1 g I _m jJaL-LLll jujUsoj d ji^-iLjjJI Cj2jL«J.1 iUj i nj"l Jlcljjs - 
. jljl I jl L^J-ll ' 'fit'''*!) j' <*J>-a-~"i"»n (J^Uj ^-*^ f ' jielj-uVI 4lgj-u jLcljill 

ttiUj Jlla 

Sin (x + 1/2 Jl) ► cos X , Sin + cos x +1 

log (ab) ► loga + logb 

(Jj" in 1,1 (j-Lc- 'l-i 5-^ o-"-^ '^Lh^' Jl^LuiVl (jlc i^jjdi! ol*lj^.l - 

3X2 +4x- (j? ^Jj^ o5 6^ cr^ 1 'cr^^jJI i^jl^.1 (^ L^yl Jj c^j^' 
(x-l) (x + I) dUj^j ax 2 + Bx + c j^Jbll JSL^JI oi^ jl (jSUj 1 

j_a^(l A 1-1 1 ulj-J iAjLJ>-"i 1 nil JJls- IjLa i£Lujj_>oj gUa.!"'"!! »l CjI«Ijj>-I - 

cos (n + 1/2) Jl =0 (jl r-Llujj/Li 1 njm^La ^ji tt jit La jJlc N (jl Declare, 
aLJLII ,j_a Genesereth CLij j hmm\ 4jjLjtj_<jl (_gjjl A^jlj-aJJ (j^-ajj 
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,j_o ^^".1 ,^-^tl J I rt*')|j Deductions TKonoric-type 2 j a j ' 1 aj ob-LlL-uL 

Ljl 3 *C j i"i jjj-Ia (2>c <l La i"~t (jSLxJJ MIT ^^ j^aLjjJ! s_ij£jj «u JLSj 
.(>LLaL«J! (j^a jJ& <Lajitijj/lj iu nijt 3jtL *-aLj_JI I JL4 l-i'K jJSj ARPA 
a\ jitjjj/Li (jSL!j i(_gj^>JI (_L«LCl!! CjLlLsjlj aj-2jJ i_Jj^I J-^Lh £j-f& ^J 

hearm <Gj-a^L-u! mJJJ! REDUCE ^-atj_Jt ajjt jjjjj 1 j < 1 a I 3_3jjla SjicLa 
jjxly (8) J^LJL LEX £*Lj_>j (7) SNARK ^ I ju-'ou. j-lJjII >- 1 j-Ujjj 

(9) PROSPECTOR j & Lf+rt§jd 

I jl :3_lJLiII 3K ifuXI jJL»j j_*j nj_<L*J.I L_>.jJjj_5tj «_oLJj_lII I jlo> (JJjlIj 

I fl -vljJeluwul «_3jjII (j^ljtil ijJt La ij-i->~ ^ 5 La 1 1 ba-jj^-p. I rir^ij Li! J^JJ 
4_Li.u )— o \ us ^ l aj . .. rt id 1 1 y t"i , ,. 1 i ">l 1 1 ^ f 9t_ol_i j_ul ,^ * s ej i ■■ l a 3 A La 1 1 1 £JL& /*v* 
3_4__u_3_a 3_JV_. c-jl < i ni ^Ij-jr" nib (Lp^j-pJ! bfl>) ^LiJ! fj-Us^tL 

. Of. L2SL1 4_<-<tJe.«j 
iJr ^ J I 4_a_LJr "1 mil Clbl j 1 II (^^-J »lj 1 .1 <j1_2_<J! a_LC jbj-Lil jj_5LxJJ 
3jI_U (^ CjLLjJ! (JL>._sl (jSLxjj i^_oLij_lII L$jJJ (_bajjj ^^ill Cib.l"ii"ii ,iVI 
JJboj i4_j_«_j_Ja fiLiL 4_La_u_oj CjIjLuC ^JN mi ^—3 <■ i i nbJl x_o jjLtHJl Sjj.} 
(jLLbt-UI £_abj_> cLaJ-ir" uO i^JJI ^-JVjJI yxijl\ 3Unibj t_jljL*JI aJJt 
jjjU"! Ijutj-ibajl g-aljj-i ^JLa-Iml JLSj (^-ibJI J 1,-iiill jiajl) LIFER 

3 1 n 1 -v O^-C-J La SjLcj iCjbb_JI JLcljJSj 2j«j tlaJI 3jtU 3_U_u /J-ob-> SjLc 
l 3 T L3l_ubl ob^ba bvLul w-oLj-Jt 1 ilUj jlsj interactive 31cLaio jjLtlll 
^jt jn**iN 1 1 "^)-i /^_aLj-i » „ ^"' ' ■■ i t <La JlSIa I 3j-u_>J1 -n la IJl ^_alj-i (JLjIu 4_iLjIuJ 
(_baj3 tr^' ^-jbill JJ>JJ ''-^-^ b^ id 1 nl->Jl bJ £ 4l>.j_a (_gl ^^ A Ur 7-j-^J 

ao2j ^_oLj-i L^JLo t j n**iN 1 1 "Jlj-J (J-^-^ ^^^^ 4-*^L CjIj^I 3jL£, CjjaJa Ji^j 

jj^-ij (3_JVjJI 3_SbA!l) obyb«iI u \±.\jl\ JSLiJI j^j 3p.jj}_a 3^ij>.j^j 
Knowledge Acquisition JlcI uuj t3-L»jjJaJI 3JiiII ,jji i_u^aJI ^^p-jLiJI JSLAII 
S Jj jl»- r^bJ (jLi- (jlc- |*J>-a-~"i'U objLJ,! t_jl 1 h'i^I ^aLjj system (KAS) 
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3Ja}L«J! (jLa <B ,j_a 5_<-cj_a 3-cj_«^*-a A oJL£j iPI(A) ^ A La <l>j->J 
1^211 JS ^Ij3 j I t_^j A (jV ' I JjI 5l3jL^> oj^ o' 6^ PI(A)> PI (B) 

Jlj>. t ^JILa-ij tjn"lN i i <ijij—u r , i"i f"i i ii 2[ I dS i mi ^j-* '^3-^ ' " ' ^u ^ '"' tl^-^J 
L_Lu Degree of Sufficiency (DS) 4jLo£JI ia-j-i £ji JSLi (JjUmj-II (j^«2jJ! 
4jLoSJI <Lvj.s (j-^hj Degree of Necessity (DN) Sjjj-UaJ! 4j>-j J j-i-^l <_£-*? 
,ji»>iJI fLiiJ <_al£ aii^^UI jl iijL^J! ! jut o' E 5-t^.Ma /\ iio^J 2lJUJ! 

3_aj2Jlj E — >H (jLl AJ^tJJ I j S tV< a 4jjLvu^ 3_Lgiia}UI 4jLflSLI! 3-*-J.5j U 

4jjjy_i^ 7t_a 5U^M II jIcjJl-JI jjI^^JjG DN«1 Sjjj_UaJI 3^-jjJ ^jJL^iJI 
H- jL ^3^»JJ lj?U'ia LjjI ma dili (JjSLj DN = (j^ IliLa U (_P=J-^' f ^^ 
«neck <LlJ3j» Jj-^-j Jj^.' 1 " ' 7 J*v ui (_^3 mJj-J <jl (j-^-*? '-*^ I JSL&j — >E 
jj^LL^I u^£. fjMji (jSLIj 4jjLJI jjjci^itl Jj^J (300 2uL£ 2L>.j j) m^jJs JJ a£ 

<LjJl£jj]| CjLJ3j_L!» 4jLoSL!I 4j>-j-S J-S3 La_Lu i(l = 3jj|j_UaJ! 4j>-j^) Ljj^j_Us 

4Jc£ pi 42.^-v (j£lj . (20 , 75 4jL&J! 4^.jj)<( Crl K J _J! ( >.ljaJ!» J ?«Dikes 

l^rijiir^i" (jSLaj (^^LI (_£jj|j_U3j <_sl£ Joj_»i jjt 4-JjL j^ie-i^3 Ji^>.^j j-utu <Li<-«-a 
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fccUjoJIg fo^laJI ^ SjojiJI pblll 




1 ,0.0002 \ \ 4 1 



. «9) bjs : jJ-oll) jj^jj* 2-UjJ jta-illl j£j ^ ,j* 1 - 17 J&. 
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LITHO £mJ &lijd 

^Lj^SLlI Jjj^sjlll i4^liiSJI Jila d ii U i t, 1 j^ir irol djtjjUH (_^I^J»JLi i U j"j3 
v2jI_L^c Pjj (_, Ir JVj"i mVl oL-uLloJI oJL^j (J^Ujj i^Umi)!! Jal uiillj 
Cjl_j_La_La rf t"w .il^-i IflL'oi'j Driller i_i_3LjJI d U i .il^-i sLa.jj-~ii .ill j jir i f\ 1 1 

.^uSLj^JI J^JI 3 \ ^- Clm tl uUiJL, l^jju 
i Schlum berger-j^j-j^ayLi/ ^ j^L (_£ jdt j!u! *-aLij_i <j-a <_9 jl^JI j 

(^ «Li^>L>. (_gj mm 1 1 ( _ ;t j>.jJ^ : l>JI j«JL«JI (Jjtij L«£ CjLj/LuLII aJJb j j i .iri" jjfc 
4«Ll9IjJL>JI L^jULlLd a L^j I iii ij ^ 2 la * 1 1 4-L9ljJL?e£ciLaqUt1 aJJb (JlLa a! Jl^-**k nl 
J ii i iiVl pi ii I t J i^iria i ir ir^j (j^- J J ^ lie - , J ' ^-&S^ JjLH^' Ui^J L$J-iL«-aj 
,2 A I *. ^. 1 I Cj^LoLhJ.1 ,j_a 3_j|_o (j-C J-JJ-J La LtJ^Jj (j-^\ JUfclj ifall Jajjj 
jijjJGJLi 3j£jll j_i£. (_p3Jj_flJI d j ii i rVt (jSLxJ I j£_Aj i JL&ljjiJI J23 La JLa-" i ii a 
d 1 a , ^ rt 4_ajL>. 4^t_uj ^—II (J-t-saJ (r^>* 

L^_il jJl_»_i /j-j-Ji '3 ' ' a (j-"^- 1 !-^-* ^-o 3j^ l>^" P^-^Mj-^^ aJl^-"1 i ii ij 

LH"^ cAj '^iJjVl (jla^AJI J^>.>J l_k-' O^ 1 ^La_^»II (j- >tH^ Cr'i £f?Ji3 

I j_& ^^ i_3jJHI J^tC ,j-a (j-u-Jj l_A.sUj"ii .il (j^-aj (_^»- l^'i^LU (jl_o-VI 
*j 5 9 (_£ tiAj j j^)^ i^-i J^r" f ' "J ' d ' ea 9 1 ***' rt CjuLjj 4_>JL«_L iLa-L*aJ ^jt (JL^JJ 

.2-a.iL9 
Wireline i'l I m II lLu>. Jj£ jjmri"it 4JjLt^j Davies j^-tu-S ^La jlsj 
J^ jLlcVI ^ ^aLij-JI Ji-LjJ i3JL>. JSL1 .U^a jLvlj JLlaj (jSLlj o^ 1 ^°S S 
ibliiSLIIj Cjj ir^ill CjLj-j^liu^l Ij j i"i a k.Nt jll x_U3j^ SJLoJLl Jajjj_a jjt La 
CjLa^LtI.1 (jjs 3 ii I" -»J. I pl^j^/l aJJb J-«-><J LaJJ£.j iTtJI .. LaL>- pUi^ilj 5jsjLiI.lj 

I I i^ijI 3j_l1^ CjI i^i^LlJ L^j (jlj JJ^-a l^jia j_uSLII (jl 7r LtajJ La LJLc i LtA 

.S^JuLLaj 5j-lo l_La_>JI j al ' aa rt ^jtj 

LITHO &»Ltji cprf JUdMilll J*l j* 

< (I6) EMYCIN j-^Lij-. ^^JLc jL^LcVL, 1^,1^,1 LITHO cjjl^L^I jlSJ 

LajLcIj^ jnii m (j utC (^LJI J ir^inll j-lajl) 4_j^.LoVI JLclj^JI a JLir" i uJj 

218 



i^-^.jJoHJj j I j tlj i(j^L«_«iI 4-Uaj^c taxonomic 3 j n ^ i i ^ * 3-3jjla SjicLs 
{j-a ^_oL}j-_lJ1 ^j-^-4-i (—IjIj '"»■ 5 i la II -n I c j i^—Slj^^Hj-Jlj i LJ3lj-i_>Jlj 
(jl I i I'r-ijJLal IjLa . 4_Li. J-U CjLJLlJI jj-a 4-Laj^iC. j^£l CjLayL«_a aI JLitjjj/l 

.. j i2u>iL ^lls-^I^^ijJI 31^-j-U c^Jl£ liU^Jl^JI JSLiJb Ijljj oj^\1 alila, 

K(4-jj j i"il j U II ( _ ;r jt 4_lj>. jJj-j_>J I Sj "i ii 1 1 )) ^_aL)j_JI AjLa-'ii .1 a (Jiolj i«. 
,JJS *j^>- ^^-A 4-jj-uI/l jUtl SjHiJI (jl dJjJLJ)) £^aLJj_jJI (J2 SjLcLflJI iU iVm n'q 
. 4_J^liII 4_l3IjJL>JI SjjcJu (jjs Wj^>- 2 - I 7 JSLJu tcUsjjj i4£jjli]l 4L>.jJ.I 




LITHO r Uj j Jj /Jl f-j j** ^ ,j» 2 - 17 jCs 
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^jru <j_a j^ie-i^iJI p l^jl JU Jb>o (^ LITHO L&J Jijj j^lJI Sj^ujJI 4-a^l! jl 
(jja L#jl JjstJ JLSj (jl (j^Laj (.^11 i<t3jjtl.! SjIcLJS (^ 3jl^>.jJi.l Lc^oj (j< < i ."ill 
(^■U Cj Lag W U JJ^JlJ 3 -17 ^JN mi yz-ila^jj 4^Ljl3 j-toJl I j^Q (j_a£-i (jH"^' d ^ * 
CjIj ntC 4jLu(J! ijJLA (^ a JLJ-" i .Mj i«Ll!J j j i r~i 1,1 i_3JL^JI J SlUtll CjLJLlJI 
I 5 j i c ^ u j 1 ^J 2f J" ( uitl 4_j_LaX. (Jj-4-1 (_£ Jul /c-*-ujJlj ' d La i ■■j**' rt j-uL*»a jj_a 
. iU i .ijIlU (^ CjLjj" i .ia 'LnJjl L^^'-'-y * ^ " " r L?j" '""'^ iljL>- 




gV-t^Vl u~Ji >v 3-17 j£i 

4«»*~lll 4*UI 4*iJI MM 

Determination of the broad Lithological Structure 

3j_u£ Lc^aJI (jl Ltiita \j "1 JJ~- ' ^ c-ljW J ,^At I JjJlxIUI J-t^cJ La-a 
(j-Lc quartzite j Silexite charts JiLa 5_g_iLiiia J^ Jl£L<i/l LgJ jjie-i^iJI <j-a 



^ULlJI 



r k 



I (jJLc: q1_tjV! jr}_! j^<-« 



.Jliii Ji^- 



i_3jj(jJLi aJ-SjJI jnti jlj-^-J (j^LaJ.1 (j-a 4JI VI nUii'q (Jjjs-VI «Lj^. jJoojJ I 
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fccUjoJIg fo^lall ^ SjjjiJI pblll 

Jljlj La-t3 L^Lu 3-ljjiIII (jSUj < _ y nJ1 Su Per-Groups-LJjiJ! oLcajtJ>J,l» (^i^. 
heavy, dolomitic rocks, J£ j;j La ~ fo] <j£-a-L3 : l£>*^ ^jljLp£.l l^Jum] u^z. 
Ojl>^ Saline rocks Rocks (Phosphates, siderites, Fenginous, limestones, etc) etc 
. (3 -17 JSLi jJaJl) Histogram ZLta- mutl («u-uLi ^Lc gjj'u^ 
••U^k }Ha Litho £-aLlj_l u<& 54 «Sj SjlcLS^ 
.'/5 (_g j tTi Histogram ^ «(j"j>11» 3 j ih'i ouL^ lil 
j^JaLij (0 , 7) 3 I tr us ^jt on u_pJI 3 S U ! 1 3-«jjl2J! 3!LlJI Qa£j j jl 

. (-0 , 95) £)!*» j^tjj (0 , 2) Sj^tj .(0,2) 3^*^ .(0,3) 

^£jj>*\ j il ' aa rt (j-* 3 J a" 1 nil ClLa^UU p 13-1I *-J-aj>. ^—1! j-LjUGJl 1 JLA j-ullij 
J!la Sj^ola Lajl.i Q5^ * <^lL«al«il j-fl> Jila .ilj-a jjiutjj . Logs JjSLII j-JlC 
i_al mi's" 1 nVI Ciljl or *Lul .jiUtl ^^fl I jjl<- _>*-*d Cr^' JJ"*"^*^ LjUiui/ I a 1 -» J 

cdLukj njL».jJLl -i$»-j <_ylc Ja3 (jjJl^ Paleontology 3_5L».VI ^k: jlava jl 
: Lgja.l"rn ill (j^xj jl 3i^jjL>s Qa£j La S^Lc lJ ll\ cjLaami (j-a (_£>*"' p'>^' 

4_o_La_La ^-JS jj se-LeaJI pl^-il £j£- ^-a-J^ Cj Lap I » a ^-Jl (J-i-aaaJl j^A- 4 - 1 I ^ «frj 
Qajj£L!l e-JaLuta JiLa ij^lJI J-^J-l c ^'j-*-?'J' 3JSjjlU (J^Li- (j-a CjLal ill's" 1 .iVI 
jjj 3_j_aljJL>JI C) Laj Unit QaSLj (jLo-^/l < la « a (_y9j , ,U , „jVI ^jj ,~„}\ ^J& 
(j-SLaj lLL! j (j-aj iCjLljj^LIJI j i^nl (jyjj-^ g"l*"""l ij^\ (Jjl^jjJI <_yfl J-f^ 

. I fl'ij n it I LgJ JLjLiJ ijl\ J-i^aill 
jj-a ^—j^ aJ^_j->J I j ' aaJl ^—11 (J_i-aaaJl (j-° 3_}Lc LITHO ^_aL_ij-i ^^^-alljj 
i-SjJt^ nil! jj LLa.aJaj^JI (oJLc 3ijj>_a ^JLC 3JL>. ^ (^ix 3jb.VI CiLajUa 
a ii* I all LLJa 4JI « Ji-j^. ( _ ;T J*._aJa-^>. /«JLc (_gl tjLtu 4JLtu» ^i!la LITHO ;y_aLij_> 
. j\ Silurian Lai Q^Sj 3JU-jJ.I (jl ^1 jjjSij graptolithis 3^La j^>-j (j|^ '01 

Ordivician 

7r i^>^a-a a_fl> LaS CjLa_j_u-£aj 4_uLaj ^—3 4_o*jL>JI CjLaaJuLU ^-t-^J d>^-4-iJ 
( _ T ^ CjLiLuJI I^'iU i .il^j (Ji-JLJ djiijiir^i" =Ulil (j^s (J^ jj^ QaSiJ (^^J itfLJ^I 
4-O^I**i f**i i nl Jlcl^9j iljL>. 4_aLc JlcIa^ ^jJI (Jj-aaluJ a Jl?-**( i uJ (jt j^A- 4 - 1 .^ " ' 
(jJo£iJt (jL^ lil 4Jl liilj JL\aj .^aL)j_JI (jJJ oLlLuJI Ji-jG LaJLic i U ui M 
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JL^oJ dJLlA tjj^j (2Lo_u o^Aa 570 <j-« j^t ^1 j-^-jj Ij^- r^^) cambrian 

. - LaJt Lea 1 1 4_u Lc JQ se-t^aJ 1 £j t (^£^3 
(j Li i i J) iO-ADn i ^la 1 1&> t 4 4_o-.jJ^_o.. Jjio l_Lo) 4_l3 I jJ^>- 4J3j-*_o 

( d ^ Un 1 1 t < l LLeO M lli l d d UiJ i L)Ljj) <d_J_ll_(J d L-s ,", < j 

' J J ' ^ c ^ 4_a_s^ ^_JO_i^3h- (J^>.1j-a .(((^paj^l diLS-Ja jj^-» tfLuLS-iia CjLajJ_*_o 

(JjjIjSLII 1( j.iK"iII) (jjjjtll! £j£. oLo^Lla 

(JLajJI tJriUtl i(_gj_L>J! jl*->J!) Iflrijiir^nj J5J- LaJI I fT r^ij ^£, Cjla^bia 

(^jLlII iTj-tJ iCjl a_t£ i3jJL»_La jaaia) 4_j_i_u_ujJ] CjLa^l*_a 

(> j iV*rtl i4jjjul! i4_loLjJ,I) 4_Jj|jILi d < j 1 U 

295Sj^La 
^j-ui/ljUtl Jibuti ^ 4-ul?jUtl 3-Lvji! e*Jl£ -I lit 

•.(j^ SjoJj 4-i^.^J^jjJI CjLajUU OJl^J -2 J 

( _ ;r ujil zagros (_)-"_$>>■ 1j (*!>*" _J> 2Ljjt_^jj 3JLla 
:4jJLaVl ^jjjJI OJ^ 0' J«>"-»U (j-o -I oM 

(=0.6) bb (-0.6) 3j_i^j fluvial 

LAGoon (-0.3) Arid (-0.6) GLACIAL (0.8- ) 

PELAglc (0.4).... 

: A a U 1 1 1 fjk A i ".Mj-Jl A^jiLLUI f-lj-il Q5^ o' Jb^o-I -2 
deitric (-0.3) biological (0. 3)evaporitic (0.3) 
Plutonic (0.5) 

( -0,2) LK 5Ja j ti^a i.~. i n j I 2 SlaJLl I jl Jjm^i JLto-l ii]l_L& -3 

(0 , 2) 4iLaJlLi Jji>1> -i_j*->I Jjm^i JLto.1 tiJLla -4 
Jjj^^JJ ^^L-uVI AjjiLl!! £j^j (j-!j^l urunjoll a^Lcl SJX.LUI Jajpj 

201 SjlcLs 
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lLLjjILu p^J (j_« d Jjl 5 JaJI 4_t_J_J1 C_t_U_ujJj jt£ l!i! 

'.(^-A d ii I" -»J, 1 a^-lLlUI plj-il -i^J-J CjVLjIo-I jil 

HALITE (0.2) DOLOMITE LIMESTONE ... 

tT&Uf bill J~SJ 4«Ut yArfUaJl ,stdA««l 

. 4-<i^a 4jj_aj jL«-a LgJ aJJbj Cj Lujx_c1 I J*\ i"i_l 
J^SLII JISLS/I ■ ^.^j ^^Ic JLcl 1 n't iZjIjij-iU <j_o 2lcj-«j*-o Gj J-»Ii-ut JlSj 
j-j-»j>o (<u jlsj 1 Normalized signatures 3-j_<j/L-uI Jl 'v £1) «jjJs ^ Srih^sll 
I fcuc i_3jjLIj jt aJl^t-"! i 11 oU jjSLx-i c^-pe_i ujiiS (—3 Ci* '^\gj ^ j 3 * u' Mit 
CjLJLljJ! SL&Liiaj 3-jjl LftJ LITHO ^_aLij_l j»J-2jj i£^aLJj_J! Jji i"i" «.l_cj| 
4_Jl£LS/l Ja- ^1^. Jl£.LoiJ I jufcj iiJj^Vt CjULuJ! d-3l£ £X a_aL$J! 4jJ_ajJ! 

jLofl 5- I 7 ^JN Ml TC-UsoJ Ls-U-1 ' (j* j] * -1 * ^jjj' ' " a 4" ' 7 ^JN Ml ?C_U3^JJ tl_SjjLUl 

IjHa 25 l jjla (^L. iLilij 3* mlj oLiLalj-u! j $ laj (^lll (jiaLiU '.Plateaux 
IjJLo 253_al in a (j-Lc jl -^ 5J jl SjLjj j j tv. ^pjl jjJaLiU :Megaramps 

jaVi ^ 

.jHo 25 2, (j^j rjlj^J laL^a ^ic Silii 4jL*IL-uI :MajorBeds 

.jio 25 , 5 t>u r-j!>u 5_al mo ^^z. jl uaJiJ jl S^Ljj :Mesoramps 

SJajj/l^j 1 fn'ii'CtLi «Clay Peak 3-j-Lli 3_4]a» <j£. Luta j^^jJ^jiaJ! cjj^hj 

J 1 a seJ (_^SLIj i^LkJI ^^Lui/^M JoLiiill (ji tall (j^ajL^ii. (j_o j^/ iLaL>. SjtJul 
(_, » J 1 U tl (j-L ^ -lII ,j£. aJLJt" 1 11 U JLj-uJ =LJLa dlLa^Ltil oJLA (-;r l^. ^-aLJjJI 

Aj j-"u. i U ^Ij i iIUjj (JjjjlII »ji <jjUII Jl#jJ! 3>2 cjLa^tx>.l i^gl ix^jlll 

. 4_Ll*_o Cj I j I i no (—3 tfLdlHs&jq Cj Lflj-a A5 3h -3 U^-** 
CjLJLuJI aJJt J-^lj Cy3 •SvojLillj ialiiSLII j pLtJuyi 4j>-jJ CjLoj^) J!la 
Plausibility jl m VmiVl v2jL>.jJ ^_j! uucj aj2j j_oLJj_JI L^jic J 1 a sej ^^Jl 
J£LI Lajjj 3j^jjjJI A^jiLill CjLcj^ij>J.j i4jj/IjjJI c^^o ilu JSL! Measures 
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i43L>.l" i"i i »1 SjJs J j I ii" 1 £LxLij_JI Lg-a Jtir" i uj tjl i utIi J CjLj-jJ JLjJLalb 
cULJLl-J! *_a 3 jri ii^jJI cULa^Ldl *dsr~ i n" ^1 3^Ult JUa ^ U-iSj 

..8 Sji^Ua 

Sj^i/V 3-JjjJ! clilj^^JI) 40API ,j-a (jj^l (^cU^i/V! Jal uilll (Jj" i ,! a j 

. (4_jSLjj-o 21 jj^ILul «u_uj_uJ_o L^ujL^-*i ( nl /^-Ji L«L>> 
(jJa (jjl^e-o L$j i^gj «3 rntVt» 3SUU1 (jl (0 , 8) ^^a JLjj^t dJLlA (jil 




^Lilajftj tjljl i no ■ La ilaiej 4-17 J*s mi 
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fccUjoJIg fo^laJI ^ SjojiJI pblll 



I . — r ' I K.- . ~ — ' T — 

| i - — ^ 7 -^^— — i ; I — ^^^^ — —J 



_,UjU : tlll jl ,„M Sjiii^l cjU^JI 5-17 JSLi 
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8»b*U UiAdl 4laatt 

J£_I (jl iht'.hVI ^U-j-i j-o iVUis-l >£Vl j^j-.^ll pl^Jtj 2uSll -I 

3_ijj^ ^jLli)! tfjut (jl t_jjL*iJ! CjIjjI jlsj i/ui 1 5 jL«_ii ^^Ic j5-Al °)La[£ 

, ^£j i ii I J 1 (_J>. aj a_j_>J 1 /qjLjlII L$-ul (J-t-^ajJ (-J-Ji ^uQill (j-a lJL>. 

^JaUJl wLiUii c*U^Jl aaJIm 

4_<JLj_a LfljijJi CjIjI i .i 1,1 J J - *- i h" l<jlk (_yb (dij (_^ill <_3jjJiJI (jjSij V 
r IU^Vt Luuj (jl (jSUj U£ .--lU^Vt ^ jjLLJ! ^L*j Lala 4J| ^a-nitlj i I JljI 
L$-iL\_a (j_o 3jL>.1j jJL^e_u (jt (j£La_i J)! ' j se ' aa 1 1 I |Ua-u) f-s^** ^ ^ (-r^ ' *~* 
Jla LITHO J-JLtJJ tC;r Lo^l l^^ott j-jLiLa (3*C ^ (_Lt=-<-u3 liiljjj (^Jj^jVI 

lj>j tiiljjj r/100 l^jp^a L&Jj Jj-aoij 4^lu i^l (jl I JLiI (^CJU V -I 

i " > 1 rt a 1 ji 1 1 . \ 1 . ^ rt /.I a 4 l_o d -»- ■ **< « 1 /i ii^ JLaluLJ , "ijl j " > 1 \ I .ill I l^-\-^ 1 ~ . ■" 

^jj».V! oLaymi jj)l ma (jLa 1 La <t=t-LiJ L$j1c jl*1«j ^^J! oLjLlJ! (jjji.Vt 

JjajJ-U 3 =* J =* ta Jl 4j*_uJJ! (jjSLlli iCjlj)ljJo VI (j-a ljjti£ aJlJ-" i nj -2 

3 1 ^IlLlJ j Mif (^1 5 ,j-a *-4J>. (Jj^sLs- Lg-La 



J2*~i2f yUtt ,«I*a~i2I JU* UiU 

CjL>.jJlj 3-ta-xJj II 3_jj>-l_jjVI JLcljill 4x.l jir^i (jl 3 ui it J-a 42ji>. LgjJ 
. .UtK^jj i^ I ,~, * rjt *\~,^. * (j-JLTca (^ SjUjJI 3jlr Loll ^j oAJ L^J (jl i n^- " i .iVI 
(jJL>J,! (^ 3-ajir" i ii U 3-JV jGjj/V! CjLlLsjlII (jl i3 ?jii-»Jl (j-Sj i Lj^oJ^lsJIj 
(__3 I g-ij| (J_t-a^aILl1 ^ljLIIII (j^aSj (jOJL>J1 M^ (j-^ (jl /jj-tA-aj LaLa_i gL^j I < ii**i a 
eilLLAa , d . a I < '^ I ^_j *i^t_a d)l_LLaX. 9 i"> ' < a t"»- d * i I JLiSLj i i I ^jj a d^m'^ 3j)L»Ji 

226 



2_jJ_jjjJ! CjLaj lull cdj" u4l JjLstiu/V! 2JU. ^^ iJL*j| MjUj LUajl 
I .V.ji 4_il mi"i_i L«^ '(j^ I '" H JaaJI 3_t£ «_o ■ ■ ilall r<u-uj 4-il mi"j 4jJJL«JIj 

^LaJj i_JaJ! 3JU. ^ (jiajj^JJ . n it- iVi j^JJ Jj^jjIJI (^jL^-U! t-sj^j*! q^SLj 

Pattern JLSL^iVl j^-Ll .-SjjlIJI)) VjT 3-J-4-V 2-*JL»-U <<Cu Ll^ ^M£LI! 
I j_a 4jJL«-a di) j jjtj (ojjj i3j_*LIai) (jj^-S Jr^- LA"»J IjUta (recognition 
4_oj_U jj .^tl JK uiV 3_aLc 3_3jj<-a ^iilo ^JLJr" 1 n" ^^1 3-jj-aj Jjj LaJ ' Ll.3j.1I 

«L>JL*JJ ^—3 JljIj JJ-iJ 4-lS-u-uT 4jj-ajjl Cj Lo^ Li U (jj^-i ^Lo Lo*9Ja_j_>JI 

,2^,1 ,^.^VI cjWjJ! ^j^«; w La «" jJLa iijijJaJ (j^Lj/l I J^J (j-uJj i^jLlil! ^ 

I jLoi 10 + j IO-(j1-J 7"j'>^J CjIjLlkJI ^j^» J 3_2j ^-J- 5 w ta «"' (jl lLLLo i. ilU 

. 4 jK i~i jjlc 3j£LiII i> jut (ji i'l i". Vj S Jj23 

d (j y^X\ (oJa-c-LI I j_A I i i'r-ij-g. 4_lj>. jJ j_lj>J I Cj I S-uJalJ I OjJ i^ati Ji2J 

d t \ 1 . ^~Ti a 1 4_L$_At I 4 1 m^i *Lui_iJL>*J 1 3L_l>»j1 , _^ I 4**' ■ ^ ^ / \ >a» < l_4_fl 1 4 c I * < aij 

j-IaL^J,! * )1 1 u -»J <-dn fill (j-^J i4_ja_j_>JI Lo*aJ^_LAj1 /Js^ iCjLtlll j^palj-^sl 

SLo-UJttj-a U>Uog^al^JI ^t^^fj , I "i< *,j ,-,M al ;tl J_.UI , „? 3 \\. . ^t J" ;tl 
dSj-thj I j~". Lsej 1 ■■! (_y~-J! 5y-a!j-J! 4x.jjjj*js diui ^Ll ( _ ;r a (jVI (_,i>- 4jjL*jJ! 
Cj I n 1 r> 1 j^ (JjjLlU XCOn ^_aLij_i aJjLi (j-aj RI^-aLJj_i J!la CjLjj/Lti! (JLjjjcjJ 
.CjLt^l J& Sj^L^u^ XSEL £*U*j VAX JI SJ^^I 
*L^JJ! 3-£j-<i «_a ELF-aquitaine 3 _i . .1 'ij— aJl <L£j_<SJI c^jJL<i/! jlsj 
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^WuaUl .ISiJI 



3j_j_LiJ! 5 , ta '»Vl Jj-I r^S cj-^ Teknowledge 3-iLjj^oV! ^<-l iia -^Vt 
CGE KjJi L^ji ^ LJL^. J^jlj U£ 'jLi^l j-aa. cuLW: ^ Sj^I malt 

(J-x* ui3a ^j ul j^ ! jjLLiJtj^ 4£j-tlu ^-olj-jJ 4-^ji 1 11 a «-alj-j £i_u ^—5 CII «oj-tlu 
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fccUjoJIg fo^laJI ^ SjojiJI pblll 



1-17 Jy. 



tiljll 


jvUjJl ,^1 


£j*jL1 


Feigenbaum (1) 


DENDRAL 


Ai^jl ^jLk* oLJLj j^jj 


Buchanan (3) 


META-DENDRAL 


C^M) ^A 


Wipke ( 17) 


SECS 


^^SJ 


Gelernter(18) 


SYNCHEM 


ifj^^fj 


Bundy (19) 


MECHO 


isCjisL. Jsl_ y 


Brown (20) 


SOPHIE 


SJL^ll >jjjl JJ^ 


Dincbas (21) 


PEACE 


yi^i yiyi JM 


Brown (22) 


EL 


oUjySJI 


Novae (23) 




lClC. 


Langley (24) 


BACON 


Oylji jlisSl 


Bennett (25) 


SACON 


JjUujU. 


Duda (9) 


PROSPECTOR 


ojUi ,a» 


Bonnet (13, 14) 


LITHO 


Jj» 


Davies (15) 


DIPMETER ADVISOR 


Jj^ 


Hollander (26) 


DRILLING ADVISOR 


Jj>* 


Lenat (28) 


AM 


*-aU. ^JLi^SI 


Moses (4) 


MACSYMA 


. . JJSi caMaU. 


Hcses (6) 


REDUCE 


. . jXi ^SU, 


Lauriere (7) 


SNARK/INTEGRATION 


jXdl 


McDermott (29) RI, XSEL, XCON VAX 


*l,*i 


Bennett (30) 


DART 


s lk*S'l ,_,<-*■" 


Barstow (31) 


PECOS 


r ^* 


Manna (32) 


DEDALUS 


^►L, 


Green (33) 


PS I 


r U*b 


Rich (34) 


PROGRAMMERS APPRENTICE 


^4 


Blazer (35) 


SAFE 


^j^. 



Descotte (36) GARI 

Nii (27) HASP/SIAP 



.U^Ji 



>*■/**■ 



-K-l^ 



iJ^ S#jJl 
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<_< iiiL>JI *|jLar* ml J-l^a-flJI I juk (^.a JjLHJ 
j_u^ OJJLaH<j/l JLSj .(j^jjjGJI (_ya 4JjLtA d lj i ujS 
0J_$J 4_jJl_jJJL1J1 jia 2l joi^ -n la III a ^-alj-jJI (j-° 
JjLJi.! (jyL».j CjLiL>.J jlxIj^J! a jjt {j n i <i7ij . 3_j|_«J! 
SjjJl^c_o 3jJ_2_i (jSLIj " . Jl LaJI (jlr I j ^j Laj (_ylJI 
pfcua o-"^ Cr^kj ij,i<rt"1lj JVjCL^/VI ^Jx. '***■ 
. I j . nAJb (J^l i ii U a'jJt J£ 3_ul J 3jj^ ;y_olj_itl j>JL& 
-(JjI i ii U (jlr SjjJUl <_>-ajtj L^-I /j-olj-ill o JLA J .^'aij 

L^JiSLIj 1 1 jl>. «_<j/IjJI LaLulaj SjjlUI ojla Li^c I il 

3_JT (j^. I 1 J "■ LJelmJ j^l 4^jj(II SJlcLs J i a flj V 

^—olj—l £l_(j J ' ^* a ' IjLA ^—3 7-jILdJ 1j-$JJ .^_auj-Ajl 
.Sj-ioi-J! 3 otVi^l jlj-c. (jic (oJjdll 
3_l£JJI w-alj_JI Ijijj iSjJoiSllI «iaj]| (jn^«;j 
g-aLij j 1 I JjV 4-Jl 3_LjL2JI 3 i i^ij-aJI (j^a ^a^AjOil 
<_^L>JI JL^J.1 ^ Ij^o- Ui^ O' «LutflJ ^yAjLijJI 

ass 



0JI4J jjSLj ij' t ~r^i ^-"" . t_JLLaJI L^jJI (Jj^sjjj eH-" J>L><-!' Jliij *-uj (_ylc 
^yjJIj I j « j*~ j_yjil 4-L^-L.LtTjl 3_L3t-u!jIL-u}U (Jlj-LaJ <_>uL^I 3_£j_JI w-a!j_J! 
3_3jj>_U SjLcLa ^JS (jii-aLc. J'C ,"m tl'mi^iu J-^-J sLa-Ualj jj£j <jl i_jJeJ 
^_3 J).!. «UjL9 CjLiJt_u1jIIj_u 2f 1 0JLA (ji^SJj (jl L-LcaJl c_t^t_i LaS . ^_auj»Al 

4jj*_uIjIL<j/I ^1 1 1 •> n U I Jl (j-tjjLSlj Ui^- 1 * ^J iSjUJLCj 1 Ml-Va CjVL*-a 

3_aLJ! ££.sLil.! q~*: j^>" o' 3 ^ ' " <j-° J^ *j^!j iCjVLsJL! JSLI SjoJj 

i_JLLal! Sjjj^s J-^J cr^ *L<£5-23 J-jLi aJLa-~ii in (jl 4o^jjlaj i_JLLaJ! CjIjJLS 
. 3_jJ>j_iJI «ultlJI 3_<laX. 4-l>. jj ^ 4-aJj-"miU (4J-2J1 ^JL^-I ■» j^all profile 

I^VI lJ £ <■_ . 1 .iL>Jl dU 1 uljj jajLuJI £lxIj_jJ SjLl«J,l cLajjJaJI j^-it bjj 

t 1 1 1 La 1 1 4JLu_u ^1 x-Usoj /c3 it. i < nL>JI 4_*IoLio iy^- (J-HJ^I c^ 3 - 1 c^L)-*- 1 ' * J' 

JjJjtJ (jlc- 5-°LJ>^! ">jJL3 aJijlI diljj ,jl , V.-^U 3il^Vl (ji^. 4-4JCJ L$j-Il 
i3joj(_i^5 ji£? 4_uiji«j SjLa (jla^C (^ gLxLJj-Jl j a" 1 .i_l Ij-o-lj .djtjjUll 4ii!l 
,_P=jji£5 (_JLLaJ! 3jL».I ^ LkjJ! (jjjj jl t 4jrjTi^ (_JLLaJI 3_iLJ ojK !il 

seymour pa l-Oj-uL jjgjint LOGO j^-jJ 3_2jjia Ll& <_p2>JtJ V i_Soj-uj 
spontane ous learning-^LibJI (ajJjtjil Piaget Oljj>.Lu *^j *jIJ ^pJI 1 ' pert 
JLoL^I oljJi^S 3_La-uj ("CI^j J-^-iJI I J-& j^ ^J-I^J iSIa-pJll 3fLuJ! *-& (JcLillLi 

(j^s ji£l I j *<* jjij-uij (_ylll jlSLa^l *_a t_ijL*lu 3 lj 1 ..J -i gSI Lac L 3-jcI jjVI 

j<s_<j/j _y>->! ^dj-^ 3 aIJI VnnL JLiia^LI (j^-*T^ •'*-'i- , - a S^La (ajLili «LaLujt! 

j«ui»jjl Ty-olj-J (j 'i^r r- j'tl I juk 3 ii 1 nl'q jl dlljl^ w 'V ' "J* * ' ^Vj CjLvjil! 

.c-jLLalJ -_u ' ■■ ) 1 jt-L^aaJL) j i g"i " , _HJ1 <l ) J lLSIXj 1 

Sj^cLa ^IjLitlLj/lj i3_ujjjj| Kjj_al 3_taljJL>. (j^jjjill scholar jVj£L<-u 

jLSLfl ^1 (j-aj • I n \ 1 ,1 A \ x 1 .ia (_^j 1^1 1 Jj^*-a ,j£Lj j«J ij ^ji\ ^j^ljJLa. 3^jjla 
jl (_JLLaJI jl ^-aLJjwJ! ,jji JSLI (jJl-aJ.1 <j-a 4J| ^aljj-jl I jut ^ SjiJjijJ! 
i_JLLaJI (a^AjOj "^SOPHIE (^j-^a J^LJj-J f>^i5 o'j**^' C^ ^J- 3 ^' ^^ 



X3 fi}\ uluiUJI oiuuljj ^ujj^jJIg (jcUuujUI .ISiJI 



(J^L>J1 Si 2j )l a (Q-^ (j - * ^-^-4-1 i-4_4 aJL^-**( i nil x_o 4_jji_j_lLiJ1 4JlUu 1jL>. ^Lij-* 
*LUi.| (JjJjo Sjj/IjJ (^Jl 3j_o-^M oljJLuJI ij£ i.-.tjII 4j>oI JLSj . 4J 3-aJi2ll 

c-jMUJI pLUi.1 ^^ (jl (5) BUGGY ^^.L *lai«iu,l j^Jil jiij . ^jMUI 

elj U a «LLai.| (jLo.^1 <_ilc.l ^ OJl£ 4-lj!j_JlC Vjl djjj (^l!! 3_uLjuJI 

^jlc «!jj (j_4£Lj ^1 cjL-^V! j^JI J^jiU WUMPUS (6) o^>^-«ej J^ 
(7) WHY ^Ij L^aUjjj^Jil L^.^l oL^ulji^VI cn^MJI ^Ijl^J 

Cj 1—L r tt— lj 1 j^u-u V I J ( _^L>. p o-Usa-a jj_ujjJlJ (^_i Jjj-ill GUIDON ^jjJljL>.j 

t_JLlaJ! » U'luj (<sJ I il» :J>23 3_al_c 3jx.Ua ^ila dJLl^a .(jjtjjjdil 3-aUJI 
. «_lUs!jJ,I 3_3^ ( j_ U; jjjG (jlr ^ .' ^ '"' (jrAj ' '- ijL5E -° ^^-° 4-lacf i^Lc Q^JL^ -i j' a 
(jiuuj ijjjijjG (_yll! CjLcjjJajII (Jjil^j (Jj-k U 1 '" 1 '*. 1 ^jJljJI CjIjJLUI tcUsjjj 



t. i ( nL>J1 4_}^L*_4-l ^-l LC JI ^-alj-J aL*J1 LkljiajtlU I 1-18 ^JN mi tc-Usoj 
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<j-u «4jJj» 3-j-Lu 3 j -»- 1 j ^ -^^-J 4-ua-&? lij-^' *J-° Li-* ^JJ (j^ Cr^'- 5 "^9 
juu (—LoIUl )&JaaJI JL>.t c_t^t_i 4_it j^ju (jl 1 nlr (j5Jj i ??- a '-Jj-^I'j aJL^-"1 i nil 
^1 (_)^aL»- '^•^ LlA j j i*i tj . 4-UjjJI 4^>-IjILi £^aLJj_jJ! Jjjljj JJ£- jLpcVI 

cursor iLi/LAI! j-«iJ-o dL^=lJ« mouse SjLUIoj vZjLajj_ujJ! a|jV"i,i| 4_uLSLal 

i -i I La ~i * (jj-k <»l JLstiuil (j-a pj_<j/lj (_Lgj-ul ! JL&J i4ji/LAJ! (j-a Jj-b jLlo-V 
i"u« ; uIaJI CjUtlJI fi^a ^ <Jl4j^-JI j <i~ i nj (jl L«ata <-c-eJj 3_.._.,Utl ajLill JJjo 

^_o!j_i j-jj U" 1 1 . 1 U "i a j«_al 4JI jJ-jj V-3_<JL>J! LuijJLo jjjl>. (^-(jSUj 

jji^l JjjJe aIJI Vmil J-A t_ij 1 U 1, La (JLa- (_gl (j^Lcj . i. 1 1 "L>JI 4JjL*-a-> ,<i_LbilJI 

.^lLcJI 
>. ■ i iiL>J1 «LijL»_4_i /^jAjLUI ^_o1j-j (jl ^J ' a-AIi 1 jla «LojJLo ^_a uj^^ jJljj jJa 

(jl (j i ii M VI i_lJ*ij 4_il VI i Ll^j JLi lj_al LgJL*-a ^ 3j_Lii. (jj£i U' V?^ 
■ '.M tall I j « i aj j^ji] (JjI i.iU ,_L». »jU*.,„* V 4j JLii2lJ! w-a!j_J! ojufc <j-a jjSSLJ! 

d ->■ rt ..II i^i ) 4jlJ *\ ' 1 ***' I Bip ' t_u 9t_flLJ >_) » i L-\**( , . . t 2l * ""' q 3 i * . 1 ' '• * * ) 

-- 1 laj>. I ^j-^'^" (j - ^ 4jjji (j-* (^---J-^ Lz-^ '-'".! ' 4juj Lscauj-s c_Jx£Li (jt 
(jj j J i -»J 1 ^_al_jj_jjl (J^L*1j (jl V 1 ^ L«£ . 4J 5-aJ-Sj.l £lxIj_jJI 1j j2 ''-'t!-*- 
L gj"n,iq< Jji^ii"itLi4-LUjLllt_JLkJI tUljJl^ jLikiVI ^ I JLi-T .JSL^JLl juJjj 
l^Jl^IIj 2 ...^tl tlaL2Jj! (jlc JL^Qll i^JLaj i4ji^jlLI tTiUjj-uaJlj i_JLLaJI «bl 

cjL*_lL«3 j j ii i" (-;r Lc Ij-iLa (jjSLj (jl i_^=j Li£ i3 I^t-UI dlli (^ ja^LilI! qm 

U nnij I #!-> • (j^-«J (jl (jrLc I (j 1 j 3 (_^-II (j-o 5j i j < ir^i jiSl (JjLvojs J-tiajJ <j-uj J-LI 

.S^jjJaJI 
5_J_i_ua_ij v2jLL>.I r-IU^I ^jJLc tjjLa j_ui>J! ^aUj-JI (j>«J (jl "^"iS 
(j-iASelj tijjjij 4(J_>J1 ' - ) I j La >■ 1 LuajLcj '^ ■* t eaJl JsaLalll L^_ia LstxiD^_a icLuj-a 

."uJL-JI aijuaVl 

.^_aLJj-jJ1 «Gjj-Laj L^HjjLS_4J c_JLLaJ1 <J^>. «GjjJo j«uj_5jj (J-^W^ " 
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^Jijuj (jl » Lai! i uJ pjj '7" J"* '^ jl i nil (_ya ?Jb (_g jJI <_JI tall 5jml i ..a - 

. (J->*J I (_3 4_Ll*_o 4_L>. j-a 
4-j_a j j I j_>J I (Jj-t^-II cA-J J- -?^' C - ^ 'j J ^ J : - a ^J-^' Ui^J ii)' l -r tJ ?i3 
J-uijjj U\U ' " ' *' HJ < I (j-° i ^J- , £>-*-"' (JL)"^ ??- a H>^' '■ ' ' ""'^ ij - 4_j_i_j^^eILJ l^j 
J-a-C 4 j n j^ 7t_UsjJj Lgj 2 7-j_JaJ! (jj-^J ^ j« i^tl (JjLvull 7"j-<iiJ l^"as^ix-> 
«Lcj-i_oJ 4_Lajjl^>JI JJjjJaJI a JL?-" i uja . I ^aljtl i_*llj (JlLa (_3 (J^> i ii ill (jJLuJI 
AljLJelx^VjUi^i'l Lajjcj .(_fjj».| 4-2jjJaj(JjL-uJi.l Ji- 4-uLCal a Jjl) J I jLsoVI 
j-jjaj jl i_JLtal! 4_l«-lL*j jii£l (jj-^ 1 J-*^ tj' S- 1 ^ 4JLfl ' 'Lj-a j j I J-=*<J I 3j-^" 
J£LI (jl-*- \S3 "' ' " ° ' ^11 * j' a 1 7?-a LJj-jJLI LajLc I jut J-p-*J Vj .(jUa jj ' *'^ 
.oljjllj (jl >jU" i ii j V ^-aLJjj jl (jLjlJJ 
i_al uij^I (jlr 3jJl2JI L^jjJ (ja£j (jl sy-alj-jJ! JL4I (Jjjs-VI 1 " 1 1 ■ I U*. 1 1 (jjsj 
^L«JI i_JI La 11 p fl'q (ji ^IjJJ l£? >-fll uu^lj i2L*jLJJI j! SjjJal! »UaJ»Vl 
(j_LlIaj r"jia_a_i -So^>.J tiJj!i fjaCla «j . c LLaj>. 2 1 0JL& (JlLa I g *<~ I 111 m Jl9 (Jd! 
.4_u_ajiiJ1 cUjI jl ilr 21 (j-a '^"""' (j| * ^laj 1 ■■ j AjL^ILa 
CjLjj" 1 .^(ji^. CjIjj 1 nii" »IUr I lJ! l£. IjjLS^-aLijjJI (JjSLj (jl i_4J*j lj_o.|j 
(jj, 3 I ml 1.1 JjL^u-U ^JUs-l <_L>. (j-3 j-aLJj-JI ^JLk^-u! |jLa .3 allied 

jj* «5 z I JU» JIJj-oJ i_gjL«JI t_jljj>JI (jjSLj i^ <— t_j <— 1 Jla oLj.Lhl.uVI 

^-3 (j-iLill Jlj^l (j-uu La-Lu .«l (jV cjI^jJI (JjSLj iSLxJlii IjLUj K(t_j (jV 
3l in" (j-a VjlJ «£» (^.L. «c-j» JjG I jl! i-^jju (jl JUjj c_JLLaJ1 (jl i..lfVl 
(j-b j j 1 11 ii~ »l Url i-SjijJaJI oJUk (j^ ljL>- Ljj/LLa (JjSLj jjj .^LjLlill jaLj/ 

.jjIjj J^-<i (j^ oLcjjijJ,! Jlaj ii«j3- «Ven diagrams (j^a» oLaaj-uj JSLi 

JLitjj (jl i~_tJ*_J (_gJJI (jr-i V i"i II _o-A ^-aLJjjJI p n 1 1^1 j (_gJJI (jjijjj.1 (jl 
«$a_.L».)M (j^ a^»J. ^JLkJI *Lk^^ ^^uiai C%ll J^ La,, Jla ^\j\jl 
SJlC.1 nialtj ((SUajJI ^ jtj_a^j-uVLi i_JLUll y-l a mil (jSLaj i^J^a (^1 (^Jlojl 
(JjIjjjL^ ^ j i niiill CjLj^ tSitl (jjs 3^1 ii"n ii VI (j^-aj iJ^LSil.! ijjufc J!la (Ja. (^ 

.^^UJI ajjL^u p-JLcJI ^ ^l ;U^ VI *KjuM ^Ijl^1u,I diL^V 

rijxJ i_JLLiJI (j-AJ (^ J^-JJ 4jI (jr* 3Jj j-SJL |j iUjLiJI 4jjj3j_aJI (jl 
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Sjji-i r-jjjj-JI I JJt a jj-~i . nj 4Jlj 1 1 j j i ujSli (j * fJSjJJ (jH^' '~'ljl jUj 43j « 1 1 1 

(j^ljlal LtJa jjfcj i^ijjsJJ! oJJ^eJ terministic behavior ide-i_JLLal! (Lalm 
iL^jl i m~*?I u-JUaJI ^Ir ( _ 3 ill CjljjJill 3jjj^3 r-jjjilll (^ ,jjjjjJi.! (_£jjj >Jq ■ ■■ •*■ 

Arguments jjjLjJ! J*C ul3 i_JLLaJI oljjJL 2 La pj 1 1 f"-2J1 ol-^ lOLa^Ltll 

V i^JJIj c-JI LaJI (j_ai (_^a u La.|jJI ^Jjx-lU ViJ- 2 >* c-JLLJI cUljJLlI 

.4-1 5jLaLSJ1 LuSjJtx ^JJ 
jaLijj ja^£ (jl 3j£La ^jJalj ii i .ill J-^U! j-pJ (.^jJI 4 j .q j . lC j 1 4jj kill 7-jJajj 
,j-uljji]l (j^s^jj-" i ..V Sj^LjJI 4llLoVI 4jj/Ij Ju J^ i nj (jl (jSLxj SjStU jajjkLiLI 
(Ji-jG (jyjJI > ji>iljll (_^Li- *^->J (jJalj ii i .ill jl^>JI <■_ . i .iLuj . L^la 3-aL«JI 

dil j tcUsjjj . JLxJl i _ y ^ j_Jul_ui jjj L^J ,jSLj j«J (jlj i3 jj 1 1 .ill cjLJa^L«JI L#-l3 
Jjj^j^il ^pLaJJI l^jlr (jJjj 4jjLijl SjlcUa 24 w ^*j jj' a ' Cellins j-uJj£ 
(^Jj Lqj^j . jjVI 4cljJ (^ic jlcL^j (^lll i-SjjioJI (jJl djIjU-^ 3jlc J^Li. 
(a) (jjjjjj.1 <jr<_> ^_al_jj_jjl aIjL J-" i . iLl e^\jj>.\ (jSLflj ( _ ;r u3lji3l jlj^xJ Jl^o 
.(JIJjj/ J£ Jju (jjjlj^l jj-tj 4jjj/l_cil SjLcLill » <<i ij i(Ja) i_JLlaJlj 

SISLjjjsI J I <i i" i lJ £ jjj 2 1 jja-y (jjl '-A 
(ia^jL^ SJLa. (j£, Jtuil : ISjlcII) 

) ^JLlA liU : f 
(i_ilxu.Vl ,> jUol :2 SjlcLs) 

( _ ;r lj2j ^^ l_Cj|jj_a Ijjl dJLLa (jl J ii "l < ~ J_A (j^-lj .7T JT Ir^l IJLA - .A 

S^ilo (j^scjjjij (j jUiA lj 

. (l_g^3.V! 4jj^_j_Uill JjsI^jlII tc_lu3jjJ Lia^LLa Vl!la JaC I : 6 SjLcLs) 

dili jLSiil V,V:lU 
(i_ilxu,Vl ,> Jtu.1 :2 SjlcLs) 
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0J-A ^-JS JM21 4_cljj aJulj ^jl i i i ii JU>.a_] J^SLIj ij-_j_3j ^La iJJLLA : Ja 
-4_j_sl£ S-^J^ 5 * ^ ' " " O^J^" o' J-22^1 ^J iL»JL^> (j^ijJ r-Lill • 2 a la ' 1 1 
i_4j*j J^^l C^ - J' '*^W L^'j-^-i ^ jt^i" i ."it sLa-U i .1 a <_p=j ^! OJ^ tj' V?^ 

(4jjjij_il3 j_lc. JjsIjjlII mj! lTV-^ I ^ ''* " ^^-° aJlJ-" i nl :8 SjLcLa) 

fcU 1 

4_i£ ^j^oSLj (_^-a^LLa (jLIa jj-^ *-^ t - 1 '-^ ' ^ D^J ' Jr^" Lr a L3 JL '' Jl>.| I ^ * i ' tag 
.«3JL>J| a jJt Jla ^ 4^MjlII j»^2j V IJUjLJj ^3-^U^s 3-«-l3 J^LlII |JL$] 
(j^o dl_t,l j^jtj_u» faJ <j-a iljLa^Lc. ,jji ^_alJj-J1 I Jl^J 4^jj>II 3JlCL3 Q^SLuj 

i .sj-jj i-i^p- i4jj»jLl!I ^1 7-Ljj-J! JjtAj i—JajJ! «!^J! J ii" h j<u ij^tJ! ?>■ U i » 

jj-C ^-auj-jl 1 JLA (JlLa j-J-4-l Laj *«7?-Jj jl jLIa_at ^JN mi ^-JS «G_^aiaj i la 2 i ""j 

J) j mi ( __>-a_j jj-* l*3^>- *■"' i n j J 3jL_ljlj1 0j_A J-la ^jt 4_]jLjJLa_Ul ^_ua_ijI ^-oIj-j 

.^_aLlj_JI lJ JS J)^>.jJ,l ^VjJI JjiujjJ! ,j-a 4 ir-ilVn na Lg-cSL!j i^lj-r i n"t 

3 in TirtU West 4-udI Brown ujb.'J R " rfnn uj"jj.' (^ aX ~~ '"' lt^jL? 
^ d^iUI oJlaj .«S*LLJI ft LUi>Vl» 2bjia_J IjSjjU'i Vila (l3) PLATO (>a 

c_t^e_l tilt-O* ^J^ij_uJ (j^_lLftj L^J T 'J " '"' ' I f-^H ^-*^J ^ J^ - **' ' "" Lr-^' '■ tJtlll jj-a 

LaJLir" 1 .1 a 4J ^L>o «L2jjJa mJLj aLSjVI t-a^cJJ ^'j- il^ J-'^j-'W l --^-^' J^ 
(j im tj • I J " ■ ' Sjj 1 ■■ ( _ 3 -iJI 1 " ' I J la -^ 1 1 J)JLc jj-2jJ 3jJ)L«JI 4-ul i h-sJI CjLlU-kJ! 

jLajl (^ SJSLiilj ^jTi^ll jLoi-VI ^a, jj^VI ^juJI (jj£j (jl Sj^i^IL 

td-utill OJL* (^3 J^o- jjiLij-J! (jl (jJI djaL^^Llj . d_utJ J^ ^ JlaVl JJjlI! 
■J^U-^ ^J jU-LLI! (j^a i_^:>LI! <>SUj liJVj Sji^: (jJajLj 4JLa k_4£:>UI ,j^ 

t;r Lu ; j 1 4-Lgjltj 3_l«J L^JjSL! I j la jj .S«LlJI ^ Ltaj. 2 L i."m «i 1 11 \ j-^Jj 'FHj^-^W 

t_4£.^UI 5£j^x (j^J j_u^3j"^ ^JLl* JJ^J LaJUC VI Ji-JGJI aJLC IjLLa joJjJ.1 

.^-auj-jJIj 

i_JLtaJ! r JaxJ (j-II j-l 3 -" ^j-l^J ' Goldstein j Carrjl^ cjjl*_u-u! jlsj 
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(jl ^j-^-4-i 4-jn <ii**(TLa .j-u_>J1 4J3jjt_oj Cj1jl^_o (j_« 4_Aa_uijO *jj ' *~* /-L>.|JLj| 
0JLA «i_Sj-«_l» (jl ^-auj-aJl /jji^. c_ t^e_lj . 4_dal_>JI Ji£,1^Jl]1 a I Jl^-**i i nl (j^. f^*-'- 1 
il_g_>JL(ij (j-l!l (JjLjJ,! (^ jjjjU'tl x_Usjjs I fl < r 'r\j\ (jlj i451iLr«J! JLcljJiJI 
,< . tl Utl I g-ilaju (_ylll 4jJaL>JI 4jL>.VI <j-oAJ -i j * a SJlcLJS • ~ ■ ta c I I jl (_^i>- 
j^La rOj-4-i (j-a Uj^>- J^ uu LlajJI 3_JlcL2JI ijjut (jl J j aaX\ y-l'iui ,iVl (JjSLj 

JjLlj » j U" i n~ Vj i!jU>- 4 U j i .i 1 sL l^lIC JI CjLjj t^itl oJLfc oJlj Laj 
j_lC oLjj*_uIjIL<j/V! j^iaj (Jjvlj-a (j_a 4l>.j_a JilaJ L#j| VI iL-kaljJ,! J-j-«j>. 
cljL-LJLSLal J^l i~ ml (jl i f l uiVj .(■ i iiiL>JI 2 La i uljj (j^jjjdJI ^ jji/LII 
(j£. djLjJaJjl OJL* J}L>- <j-a j-J^lj Jj^I J's uU «J JL3 S-AcLfli!! i_<-<jiL«JI 
IjJ^SLj (jl JL^JU I j_A (_y^ (j-Co-LJI (jlr t_^*jj .4jJlj121II (j^ijjjGJI <jj-k 
(j-uij (jjjjjJI pj_UsjJ. (j n 1 1 tl JL>J,I (j-tj tcUsI^JI rl^ti! jlj <a~i < .ib (j-ictj 

.(J-uJjJlHII CjLlJfc_uljIlj_uVI 

(j^SLj (jl 3j jj-UaJ Li (j.i j I » j_A s-j-^JI I J-A 4_JLc (j-i-u iS J-II IJLlM (jl 
(Jjjs.1 42jj_LaJ lLL! j (jx. J-iJ«-i (jl (jSLojJ .(( Liiajl jLj-4-« (_>ujJ-a jLla-U j_ujjl 

» )Lu_ul fyLajLja 44_Ll*_o 4J1 i u a (J^. 4_lo_jS 7-j-*Iij (jl Lo ^-ouj-J (jS_4_i Jl9 «L)I 

SjJj_UiILl di)j ( _ ;r UU V(jSL!j iL&j_l£. (jja VjUCjLiJalj^VI (j^J 3x.j_«j*_a jLlo.1 
(jJ^. ojJ-oJLa . JaJI (^ d<li» (^jJI JjjJaJI i^lltii liU ^><iiJ (jl (J^Uj <Gl 
(J_Lt-£i^Ul (j_o j^SI 4j>.j_} ' 1 1 Lajj (J->*Ji (-.3 4-aJL^-"l i nil CjLijs_uI^IL<_u V I Tj-juj 

J^JI (jJI Jj^SjlII (jSUj ^1) L^jl j JjJI S^UjJ 2_jjJj_U3 (.-. I.I j I 3_3jjJ,t ^ 

I JL^J i L*-Us!j Vlila ^_olj_JI compiling 3_ <l j>.jjj 3-jIo-c Jj-<H3 • (Uj^ ^ 
(^J-c 4j«Ij_3 I jLj>- i .< i^ill (jjo (JjSLj compiled program (<s^>.jJLl.l ^aLJj_JLa 
.SsLoSLlI (jjs Ijl>. 3-jJLc 3^-j.j ^Ir (jjSLj 4Jl ,jji (o-c.j-11 
J-Lii-CdJ modular structure (_, , j^j-lJI »l ! j II (jl (^1^. (»Lc 3^' tiJLlAj 
(jl VI . lj j i .1 aj jJ^jj/Ij i Ls-jjJsj j-"^l ^-aLJ>-j-l-I 4-JVjGjj/VI cjLlUjiJI (Ja^cj 
,-iljU-^tl JiJLi ^jslj-JI < la « a (jl Mj^ tiJJIi (ji^. (ji^- ^ W. clancey, (jJ!^ 

CIjQjMjlJI j_a J_aLjL13 LoJ-i^. 3_^sLi. tSjVjd^VI cuLLuJI ^ ^UdijJl 
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4_j_fl_Ll rj i"i i (jt ^—ouj-jdl (j-° ' ' i k ) La J_t£, LojLc ■*■ ■ ' *-«" L^-it 2n 4 L&JUj-] 
^_alj_jj| lJ J2 7-Ltc-u ^JLa-" 1 'i~ tii-iisj JLj^- J*\ i"ii (j^j-J (jlj ^* L*^ i (<s_iJL»1jJ I 

i/oJL»hI!j /ajLillI! cjLjJiJ jLiHi-V Sj^j Sjli^. 3l.il jjt (. 1 1 .iL>Jlj .S-l^lUtJI 

j-A a jir"i 1 n~ ^ylll ^-atj-JJ (jSLxJJ . -1 j"'J^"' a jLpi.V dilj£j i4iiljjj 

(j-q- L - LC jl (_>-aiJ! (_p3^C -Sj^*-o (j-o 2 Jj 1 Ltjj's ri" CjIjU->. j i .iri" (jl (Jj-^t 



. 4j JLjJUlUI A- j l tH ll ^-alj-j (—3 CjJl^&j Li£ C^aJI p'^* rt t. 1 1 uL>JI 4_tLLiIu (^l^. 
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CjLJa-SLU Jus. I ^r-i, p I « " tl (j lr SjJLSJ! (jl 
*i 1 <"ill <j-C: I_L& ilij-jsi^j (j^tJJ i«l£jU 4-u-uL-uVl 
Lg_i J-JJJ (jH-" «L2jjJaJI J5-4J 4JL> (_gi aL«JI oLulaj 
4_3j-«_U (jj)j»jse_a Cji i i nL>Jlj CjLiI 9_j_>JIj j i ri ill 

.4j^JI ^Ij^j ^IjL^ ojjj^IS '^-^ 

aLjVI j_La /oJLtlll 4j1*c <L-u!j.S k2jj_«jjjil JJSj 

5-a j-j-lT jjuJ oM^^, Jij-aL^j (l Checkers 

4JLjjJs3 (j-° (J ' ""^J* XjOUjaJI L^-a Jl?-**( i u 1 /^Ji C_ utlll 
(jl_aj_jj 4 j"^ (_£JJI £^aLjj_jJ! jaLu La£ iil! jj i«Uj>J 
(jl 4_L5_aVl ojut 7t i^jjj :j£^JI 5_u>J waterman 
j«J La S» I aSLj jo_LOJI > j t-i" i .i_) V i_i i ..L>JI ^-aLjjj 
l_3JL^j (j-*Jl *^> « a U 7r j"y (<•> (J_u_a_l «UjJ L>.LLa jj^- 1 
I j_4 (^3 4-Lbt-J! -Sa^jJI <-,,^al " jLSj . LjjLvo^V 
tuVbc-a (^Jl ^LaJjfcV! J^elJ U-ij '3jj3 Jjtj JUJ.I 
ALaiaVI jLc JLSj . 4^jj<AI Jjlaj 3>^ <_P-° lij-^-' 

S«Li£j Lj-ajcj. -jl-jj! jls 3-JL->JI (_ujL>JI j-atjj o^ 
<_p=>AJ! Ijl^J i_l^L>JLi SjIjLL^V! i.-.tji^Ij 'LyJij 
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U I r ;_gj la Lj I j-g-Jj i,«JL3Lj1J Ljjl i ..a ^j i<iLU (^ j-jj-*j (&1*jJI q\£ JlSj 
o.»o SjjjiII Sj^iJI jl 3j_&Ltal! parameters o^LaUll f^-SJ j n"i mXI t_uj-2l!l 
JJ>-° f-° g-j ' a J (j-Q- J - ^ 5-°^J^ JiJ^ Cr'l ? fl ' ^ ' l - JLa L -^ J -#i9 .4jj/ljjJI 
I rr j '< i aj j SLtl i>i<i (^ *_jjj La-a Vd>^ J-^J SS^Lo^ jii^lj i LjLiJ j^i£l C^JSaJI 
JjVl pj-UI o^ ^3 ■ pattern clas sification and recognition -o^LlSLJiIJI 
,j-o ir-ljJtjjj/l ijXc Lajl.} J-aj£.lj id'njjU; Lojlc i. i i nb>Jl joiaj ^-aljJ <j-a 

jna'tl 3JT jjIajj . polynomial function jj ju»JI Sj juda 3-a-Jaj iSLtajll 4JlaVI 
<ul VI .dDjJ Ijll>. Vila ^Rosenblatt Cj^LlJjjjjJ perceptron ^1 ;<^tl 
(jl^j i Simon jj < j mi tc_UsjI La^ g-g_Lll I jut jj r^i a ■* <W\\ La (jLcj_<j/ 

(JjJlj Ijljj (_g jJI £-jjLJj_JI (jl j_fl> liLti (j-a (j^lVrmU ^^L^/Vl <_>*_> JlI I 
. JUS. *lj| ^j" i .il (_Lua-J (jl (jSLaj V 4jJjI <13jj<-a 
^£ J Jul! I oLsoVI I JL* (j£. ^^1 ;U,--.VI dL^jllt ^ j«l«l]l a j g a a Jjtlil J^j 
CjLS^Lc /j-Lc 3j_a-l-*_a 4_jj_aj ^^-'J ^L*- 1 ^- tJ t^-^t_ul 4_r»o1j tCjl m" i nil ^—3 

Edward Feigenbaum aL1l3cjL3 -Sjlj-sV EPAM aLuI *-aLij_i j-fuuj cAjJtVaX\ 
(j^j v2jLa^L«JI 3-<-uljjJ discriminating network j^j-aj 4£Lui ajJxIu^I (_£JlII 
%•<}''« (jL^j L*i!j (^yl^. Vlila-i.^ .1^ j-^Ia (j£, il^ii-»JLi jola-JI t_!jL>Ji bJ £ «JaLiUI 
I gj-ll LjcJLj (_^lll Sj-o-VI 3Iji iiaJI JJJJLJ Cj^LaLtXIj j-ul < alt «_iLDJ.I -i <j*~tl 
eJsjJI til!j (^ j^jjj («-! 4J| VI .3jj_ajJI 3jhII £y» LlUJI OJjjluiXI («lj£J 
SJUaJI rtU'll J-aljJ JLcLcuJ (_£J)JI J-aVI i43jjJ,I Jjlaj ^^loj^ (j£. L^L^ j<i^3 
aLjJLaVI (_>i^Lj I JLgJ 4j»Ljiij . JljJijJI ilaJJI I JL* oLjoI ^ J^lalll (^ic 

.(^JjVl iujj^lJI cjVjL>J.I jbu (^UUi^VI «Kjdl jjIjj ^ ^Us^iLi 

^jLoj>J1 glial inn ^Jja- i ii i Jj tgLo^Ptf"! i u| CjIjJi^ ^t uJt ^-auj-jl < 1 1 laj * V 
ijr h jLL«J,l t_ij I i .1 VI j_A I jutj '■ 3 J .' *° ~ j' (JiJ-^ OJ- 5 3jJJ->JI 4l!laVlj 

.4j^aj_JI 



pbtiUJ 6JUUUI goljJI 

(jl (j^La-i ^JS mi (-J3 Cjl^Liioj! jl 4-J3^ toll 3juJl>. _Mo_a ^-auj-Jl _ a uj 

Jj jl 2 >J| ^j^ * i 1 3j-_j_o «L>.jJu 4-^ji i iia 3juJl>. JjjUi^. ^-auj-jl _ a Lb 
(j-S^j (jl <j_a j-aUlj-JI (j^-4J (j-!! (_?->>J Lx-a iJ-tS (j-a £-aLJj_JL> Sjl^j-jll 
,j-a £lxLJj_JI lfl»a (J-aL*J l_ia!j^j <U-uJ I jnil LgJ SjLjJLa. L-O^lj^ (^ 4^jJjj/ 

(^SLIi ,<U SlU»U Sjj^J.! SJlaVl (>o ioUJ! julI^SJI £jjLJj_JI . U j n , ,m 

d I t at ^ j la * * ' I M Leaj> s^- 1 11 11 (jo^-J (jl ^t-J-Ai-l. aL*J1 (_l*JJ ^-au^-JI *tl* i 
4 t Ja_j_>JI L$-La (_£l ^_aUj-AlI jSJUJ i(_£jj>.| £1 J u)|a (Ja_o* L$-Lu (j-a Cjula_j_>J 
. LAj-lC ,j-a J^pJ! J-JlJla2 ,j-a 4-cSLaJ (^jJI JLcljJsJI JL»-J (jl £lxLJj_JI (ji^-J 
2 j I -1 c ,j_a f-j i ii j liLIj (jl VI i3 j j I i ii 3J!Lal "jl U<~l (_gjj^ i a II (j-a (j njtj 

.jaLOjl 

ill t-Tnj i4_jj>-jjJIj i_3lj_<I/^U x_UsL». j_lC i^l i (<ii»3 4-2jjiaJI oJl^j pU'll 
4jjJ 3 i^iljJI 3ijjtil jjjjJSjCu 5y_aLij^JI -j "j* ir , l~rn nVl (jlr 3_JLc SjJLS 
.3jjjl>- ,_jjLi».j jjul^ L^la (jr-ilV" i njt JoLaJVI i_al MriCa 3JjL»-a (^ 

^jLaU (jS_a-ij tfj ' gaAJI I JLA (_3 i la a3 (j-Gj-o* 21 (j-OJajj-lal] (__psj-*_i l_3^j_uj 
Michalski, Cubonell and J j uil-j aj J-lJjjjL^j ^'s mm tLa^j-a (^Jl £^>.jJI 
.o}LlI Sjj^Jll *LoJI 3jJa 3.3 £ (j£. ^La^L** ^yk- Jj'^^il ^Mitchell 

two-space mod-(j-io.l i nil ?cJejjjjLJ-3-aL«JI-(&l*iJI -r jLaJ (jij (^^-(jloj tin. 
- 19 JSL»i (j^s 7t liajj Li^j . Simon and Lea ^j Q^xjLuu 4juJsj (^JJI jc^l 
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^WuoUl .ISiJI 



^1 tV, , ,.l p'AI 1 1 -j /ij , i^ Ij^lt^j-^ Ij 21", «\l t 2-^1 , „ jj /i ->Aj q ;tl IjukjjjSb I 

(j_o I j -«■ I *■ r. , I,! ,jSL«j (jH-II j^-^' JLajj jJa 4Jl («-c.j Li-& « ji£,!_j^» j_Li»jJ! 

jl l_L<_«_a Laj g a a J-J-4J J-2-3 i4^aJLU JLcljJLlI (jc i flJlJeJ ^iSLl/ 4J!laVI 

. La jLp j-j_a_i ( _^1^>. 




^_k!l 



JliuSlI y pUsLI jj^LJ c iji 1-19 JSO. 
aj J d rt f«il*n ( _^L>J1 dJJ!i ^—Ll La-j^Dj-ul L^-a JLa-**i i u i i u /^J I cUILa^/1 (j-aj 
(j"i ri j ,j_a 3'jJ' (J " " "*" l-S' C - '-*^ lS'-^'j 'J^>^' 4jj<J (^yfl flush (( (_yij \ n 1 1 )) 

.1_^}U! JlJ ^ Jl»»Ij 

* (J'jJ^ ' S-^J o' ' ft '^ ~'^J O' J-^J-^" Lr^ cA*-y 'LllLal Sjlc J^L>. <j-«-^ 

,j-a 3'jJ^' C^JL^ »lj i n'q ijLp£.VI (^ (Ji-J3 V I j i nflj 2 uuilll (jl L«£ irO-^3 

cr* ^JJJ-^^' ^ rii^itl <j£-Jj '(«-&; ^ hearts t_iaii!l jl spades (j-»j"i "jtl 4JaiJ 

. SjLsJj d mi fit (j-a 4 i .in-»JI 3'jJ^' Dj^ 0' 

.The example space JhUaf 2 f 4*L 

(j_a 2_jJLjJ| SjLjjJI 2JtLa^/| ^1 JlJ-"ii nl tcj>-LlII p U~i 1 1 q u i .il («-&l ,j-a (jj 
jj1_l j_ujilll (j-a £lxL)j_JI (jS-aj CjJ^tJ 4l!La^(! aJJt jLloJ t_^*jj . »IU->.V1 
f«_j_&L(2_aJU 3j-j_a_U J-al^aJtJl J^c-i (jl ^-auj-Jl » JUeu i ■■ 1 (jl ^t i(j-Oj1j 7" q all 
t«-C.j 7c-j*_lj (jl V-^?-^ ^t!^' > o U~ 1 1 w-a|jj_> (jl («-C.jJ . I (j o I *"n jl 4-A^. (^ylll 
Ci uul (jVI 3^LU! 4ji2lJI jl VI .SlUUI SJiaVl ^ ftlU^Vl (jiuu Jja-j 
d i i ii f II— l J 'L^**' intl I JLA ^—1! J-t-^^aaJ u ?r a i uJ (Ju_jj*_i ^—Sjjl (j-a «L>.j^ ij-^" 
J£ ^yfl ^iii-a ace (jjjl 5JSjJ aIjLJt" i »l «La£!j>JI (jja (J-ujJ 4JLa ij-ujiUI jLj-«i. 
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pbtiUJ 6JUUUI goljJI 

dajcjj JL9 «LilJ3 ^j ualAJl a j j d rt ,r**( u i u i ^jt «G_*i^_a ^lxuj-aj flush ^j".jlAlt jLLa 
<LSjJ Jy>-J ju (^JoLiJI r-LUL-uVI ^I-Ij-aLo jj^^J-Jj^jij jljJaVI I jut 

itt j se i<t c_t_LjjJLj 7r i^aj ^jt c_^e_] 4Jj_a^/1 ^jt 9-Aj j^>« I ' 1 1 Lali rt iJJLlAj 

. 5-IJ< irMI ^1 SJj^j I .ill jj-a rj-^J l T^H>^ 1 'l^'- ' U^* 1 *- 'Ai?'^ (J^J"^^ 

.The rule space Mt£Uf 4»b 

*i 1 ■» "i 1 1 ^^ 4jj_A^>- ^ jUr <LaL«J! jji-J'j-SJ'j L^^d' <_>^ 5 '^ e -'- tu ' J-P*i3 

I jl i^LLo (t_j) j^s-I l_i_i^sj ,jji 3_La^*C ji£l (l) i fTir-ij U3^i9 . 3-lla^l <j-a 

(^Jl iaLbVLi i LjjL^ (t_j) L^ (jjSLj ^1 co^l^U j-j-h^- ^ LjjL"i (f) (jl£ 
,cjL>-Ijj (0-^jjJ ^LlajSLII *u-o3 4_lLU j-j-«^>- -I 

Cr^ (j o '<•".' 

.oLvljj ^jJ 3jlU1l j_«>. 02) 
5llo nj>i-l SJlai «LLicl jutj L^Llujj/t (jSLxj (i2) SjlcLs 

.CjL>.1j.} (Q^jJJ *Ljj-Lill p i ii^ d ilia *_U3J>. (i I) 

,cijL>.!jj i^jJ 3jlxL>JI 4JI3 *-j-«^>. (ill) 

4cLa->JI -SJU*J (_£J-J1 (_j n 1 r^i jj 1 «JJ=U *L>-L>. ijJLuk Jijij j<sJ 4JI tt i<-m Lukj 

iJL^Jj (jJ! .. f> LJI M >LU i*Lu^l ^MU) 4^UJI M >LU <> =L5>»JI 

3j^_t^3 0JLA (jLJ3 lLLJ!} ^—J! «L3uJa 2L1J 1 * La3> (ft- L q jC Jl tl)3^-i (J I La-da ^^^-4-ij 
dlli (jjs 1 J j ii ■»" j^ I JJ-^> 4-u/jLxjj (j^- OJJ- 3 ^ (j^*-^ ipU"U I J^>- 3 ta 1 11 j a 
k. 1 1 n-tt-a SjjJL>JI (jl-J'j-^'j JLcljill Jal ii" 1 11I (^ LJJlC.1 1 11" V Lgj^/ l J-±£-? 
, LjllSjjui l^j JIL4-I /^i-Jl ^-_J-LiJl ^j-a J-J-*^ (Jj 
4-o.LJI ,2^c. j-^J J-*J Smith i.~m n 1 .1 4-aJL3 jainiLI j^. I lUU-W-a ijJLukj 
1 u J '''**' J ^ LEX ^—oLij-j 4-aJL^-**i 1 nl Jl^J i2-I9 ^J N i"i 1 ?c_ua^_aj ,d .! ■ J 
mljVl i(4jiLa^lj(JSI moll) «L2IJVI -.CjLJjSLa 3jj j I ,j_a jjs Ljj_j I IJL* l_aJlljJ 
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(10) LEX j (O^i.Lo 2-19 jS^i 

L*_aLJj_i (JjSLj (jl (jSLxjj i4j!j| ^ i nVit <_3JL#J (_£ jJI /y_aljj_il! j_A *lj^/l 
La <Lo^J (J-a^ Jala3> x-UsoJ jl 4 La 1 ^^j a O^.. - "" '"'** J' iL-cftill (_£Jl>.I t. <*U 
(^Jl ^Ll^tja i ! J_lj>- ,!jt tf^bf (jf (jJjVl ^tjJLaVlj . .JJL*-a i_3Juk olj 
i«j3alU «lj^l ^jUmXJ ^yLtAJI slj^l (jjLij (_£JJI (jjSUIj^jojaJilt! .(> mi-»J 

(ti (jL£ !il La (j-Lcj i3JjLsJ.I ojut ajsj (j-'- c - ^ * .' ^ fd^' ^^-^ juIajj 

^a-X3e uilil x_abjj (_£ -n *j^**''l Jl^wjuj .7-o_U3jj «L9Ju xJ^aHJJ *1^^1 JUJ_r»o 
4-lU=>j_U 5JL>JI aJL2jj^^L«JI ^jJLtS,^ oliil3.}La (^lc }lla La^psj-t^^jiaJI 
.,_P3jJ,l !JL* <j-a IjjJ^C JLS (JJJJ! ^^jJ.1 (j-a SjjJLC oVL>J 
-n *j^**''l (j^S_a L#j aL3 /^-Ii 4_ijLaJJ /^-jLu aJL?-" < u 1 (_£ jJI (jaSLll ^a_& rfiU"lT1 
^Loo liiljjj i4-lU=>jJ,I j-ji. wjLjJJI j^C SJj'i 1 .1 a f.\^\ CjLa£_a ^1 JjJL*it 
CjLjJI 4_Cj_aj*_a (j_a jl 4_3jjl1,! 3jx.La ,j-a ojut (jjSlj (jl (jSLajj 'J-rhH" (j-^l 
(j-a La j^>- (^ *l jVI (j-UjUO (j£. £^L(J (jl ^tjjUtl (j-aj . (_, ri U i 1,1 JVjGjj/VI 
(jl J-J-><JI f ftU'i l (jj^ <-£-*-y ' J*6^3 iJ-3-l *>>• *L>I JJ-*^ ijr^ J-*' J-^J-^' 

aUJ! ? bVl (jl j£fcJ L$iiol ^1 ^MjjjOJI a^hAm o!j^ ^ J^j .1 , ,m 

(Ji-jG /<u LjJj /alj 5J!la^l jLlo-Ls i;y_aijj_i!! TTjLi- ("Hf La 3-SLc tLSijV! 
jj i <aj (jSLaj (j^Jj i(&LiiLI (^yliii! ^LjLli!! (j_i ri t" t (jU(-a (.^jjjILi £LxLij_Jt !jl\ 
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pltfUJ fcLloJI goljJI 

. a1 JlJ>-**k .iVI djtjl Mill a_ujjl1]1 JL^.1^ ij^\ Jjl f"l f , uj . ^j mi fU ^1-i^M (J-jasc-lI 

: » j conjunction J-usjJJ 2 j o U i 1 1 43^L«J! ^c j^udi! «&» ajljt'h.i in 
till juj t<Uinlj ^jj^'l (Jijuaj <j}j ^^LtJI t^ 2JVjU (^ qi<i~tl 4l>LtJ :» 
. | d n i ,Vi (_g jJI aj fl ii 1,1 j<s-<j/t jjfc t_) aI (_yl«J t-J :> : I 
i_i_jjjj <_SJL& jjjri-'O ^jVI SjLcLaJI tciJsjj .j-dulLt OuljiiJ! (JL> u i ill 

i^ljjt ^j n <i -»J j-«jjj 5j - 1 j 'j .' **' ^ I^J *j-^3-^' ^—^ (j-^ ^j" o'^'l aj j a ^ 
:3_JLlII 5x.lji^itl ^ jj-jJjju*^ SjjjJIj 3 Minitl Lia^cj 

d I I II i II— 1 ^/j I llll (J_aj2j) /j-tQ**' I II 1 (—Alj «Laj^J1 ^jt (j~"^ v ) ^ j) ^ UliLt 

.(Clubs (^jLuj/VIj Diamond 2j-uUIj Hearts t_j^iiL] 

n-cjLi i jjj io -2) diij^j (a in<% ^i j a^j^ii jjl o-^ ( 5 ii j) ^j 

. (<_>J .ai 
'.jj^jjVI jj^Jliill «LLic.Lij 
ftfc-j^ j) 2 uilj &(<_ii3 j)2 ui2J &(^<2 j)3 ui^j feC^-j! Ij)2_i2j : I Jllo 

(t_!l 5 j)sl Ul ii I 

(5j ,4j ,3j ,2j , lj) (ji^ii < :: 

3-uJu & (jjjj 1 3 j) d Mint & (jjjj 1 2 j) d mi? t &((_>u i I j) «lA2j : 2 (Jlilo 

(<_>" <5j)3-£i2j &(<_><" 4 j) 
(5 j4 j 3 ,2 j, lj) (ji^la < :: 

: 4_JLlII SjLcLill g-"ii" i n_l (jl £lxLJj_A! (jSLxJ 
&(xi4 j) 2 iSl2J (x i3 j)3 iSlSJ &(x i2 j)2 ifalj &(x i I j)3 iSJiJ : I SJlcUs 

(x t 5j)2 MiS't 
(5j ,4 j ,3j ,2j , lj) (ji^La < :: 

. X j-jjLLILj (J-*jJ « ) dul alUl ^Jl J i**i i uLi 

^^a d 1 1 1 ^-i" I, I Jo^j_«iJI jls.1 ,2^c. ( _ ;r xisLiuJI »lj ii'i .i^L! mJ>»-^I 3j-^" (j- 
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2jl i^i^fl SjLcLflJI ,j-a 2 j " j -i ^ J-^' 3jjJL>J! 3jlcL2J! ■» j ■ -»" dlljuj ;3jlcL2JI 
(Jljuxi lit SjIcLJS al jitLu/Lj .i_<»UI 3'jj' '-r'^H 'L'-^LixJI Jojj_»iJI J^JjtLajj 

&(2 ilj) 3_jjj & (i_j jTj fj) a_i2J :3-Jlla 
&(5 , 2 j)4jjj &(<_i< 2 j)4,~„Z\ 
&(7 , 3 j)5-uj &(<_!< 3 3)3 .'i.n'i 
& (8 , 4 j)5j3j &(<_ji4 j)3-ui2j 

(t uLlo Ct\ OOj) 4-UJ & (* ) <5j) d uiAJ 

(5j ,4j ,3j ,2j , lj) (ji^ia < :: 
.disjunction Jr^rill (jyj-k q& *i-L«j<iJI 

SllaVl »IU<-,L£ '^Jj>JI 5jj«J ^ HONOR Sj_SLs ^ujUJ JljjJ Lj! (_yojJi\ 

:3_JLUI 

(x) HONOR < . :(I0 ,x) ILpj :4-Jli* 

(x) HONOR < : :(jdj ,x) 4^j :5-Jlla 

(X) HONOR < : :(^j ,x)4Jj :6-Jlia 

(x) HONOR < : :(vuLi <x) ILpj :7-JH« 

(x) HONOR (^1 ,x) 4^j -.8-Jlla 

ix) 5_ijj jl (Cili ix) 3_ljj j? (jJj ix) 3_i3j jH'O lX ) 3-jjj .2 Sj-cUs 

. ((jjjlix) «LjJj J I (l_ijLJu 

(x) (HONOR) 
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pbtiUJ 6JUUUI goljJI 

Q3 .! ^ 4 * 1 * ' * 1 ° 4 j -0 ^ d "j' ^"' rt CjL>.jJu Lc 4_Lt-aLit_] ^jLS^**t mi 1 I j )I 

I 1 K J»l i<i"m I U -»JI JLjIo.! (ji jc-Usl^JI (j-aj • (_j ? la '< a (4J-o-*3 t_! J I jj-V 

oLa^Ld! I nUrt liLa .SLa-t-imU JLCiVt 4lut 3-19 ^ SjjtAJ! jjl^ 

•.JLJLUt 
(x)3 J 3l<::( L L i l a w ai x)JSL«i 
( x ) Jhjf < : "-(A^- iX ) J^- 

■.^-JLul ^- l o jC J 1 ^—II (Jj-a^u 5j^3- Mill CjljL_u_a *_ Cu-lS 

(x) Jjjji < : -.(jlU^ *x) JZA 

•cibj'u^ JJ^ X 



^jU^ 



j£dJl ^ tf > 



Winston program (Ji^mmIj S*^ >4 

(_LLjj_jLi d j"^ (_gJJ! ^_al_jj_jjl dJJj 3-3j|jj<_U *i 1 ■»" tl ^_aljj 4j!lai ,j_a 

A a_ii2^ (4_LULJJ 7s_4U >_ u 1 A ^ fl 1 ' , i '~^- i d i * Vi 1 1 ^ .."i , ,. a ,", ) a , ,, 1 rt 1 >; * \ .' t <" . ,i n a 

fiL_iL_L*_i 4^>.jjG_L1 4XLa2l Jjo2j ^jt (^A- 4 - 1 ' ^„ 4-19 ^JS mi 7r (<tajj 5j La *^" 

3_oL& 3j£La (jjt inearmiss i_u^lll Ltaiel! VliLo 3_uL\II Sjjj^iJI w ^«" U-Lu 

iaj^jLiI! 4-uj/Lu/2l Ja^j_«iJI (j-a iU ri'q JL»-!j Joj_<I/ (^ I U->. (>UjJ tjj" i .1 "n^J 



251 



u \c j-SLjjj "Liial 3±£ dJLla jj£j jl i_^*j 4Jl Joj_<i/ jj* JliLI I JJt ^j 

(jl 4_«_iljJ! Sjj i r-i II (jl-J-J Ij-ti-lj ij^s.^1 I n (j <a J£ (jjt^V JL3 (J-CLuj/IjJI 
(JSL.I/ (^ Qa-£j jl <j-^-*f lW ' ^ J t^'i i i i a QaSLj jl (<ujeI1j V (j-Si^l Ui^' 
<LAc QaS^J jl i—t^cJ U ^jV! 4-aa^_ia 7c-2jj I rrj^ £lxLJj_J! <_SjjjJ . jj i"i i a 
■ ^jj «" 1 1 (^ 3j i iiL-u^M j^lL 7c-a^ nil ( _ ;r J* : JjjGjl .sl *j"u .iVL liiljj 5j laJLall 

S j la -,« 





S j U -,a 




■ «5j U'<MI» Aj^jn a /cJbLJ 4-19 (JSLilIi 

Learning abstract structures dd jAi I MmSI jmJI ftifid 

l^jj-xXI Dietrich and MichalsKi ^ ..m tlSLi-aj (jiupjj *_aL>j_i <-SJ-£j 
. 5Llib ij-b L^J (jLj-^Cu^l fu^LUIj lJ^I^II i ^i^ ( l2) INDUCE ^L 
(j£Laj L^lu Lo^ls oLa^Lc ^ 3-alljJ.! cjLJa£Lt.l Ji-jG Jl£-<i/VI <_>Aj«-> ^^ 

i_al i^ij^l j-j£I Ji^cJ jl /J-aLJj-JI (jlr j tjrti nl jl (jlr I (j'nKj i ^ . ^j" j| 
•.4jJLl!l JliLa^LI fn-La- C ^ tt 1 ir~>" jl <j£-aj (j^lj ljUJLr>o 
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pbtiUJ 6JUUUI goljJI 

(u) ^b &(u)j_u£ 3 O : l-Jlla 
(v)^jjb &(v)j_u£ & O 

(v .u) Jul] & 
(w) (jij^b & (w) j-JL^a :(y, x, w) 3 :2-Jlla 
(x) yj-a & (x) j_u£ & □ 

(y) yj-a &(y)j^ & D 

(y n)^! &(x,w)^i& 

.« JL>-JJ» ijLula 3 j-aj-II 

(V.U)^I:(v.u)H:l«-Jll« 

(y.x) ^Iftt & (v .u) ^1 .(y »x .w) 3 :2.J11^ 

jJL^I (_p-«J i_SJ-!l i(v iu) (jrJ-C-l ^J lUj_Zu (^LlJ! Joj_JuJ! g-"m i uj cLLaj 

.SLLajtXI *U2La2i *_a , \ *~» 9 1 *"' 1 A 1 ^ * n IjUJL^o ' " ' 1 i lqjlu I 
<«-«■■ > syntactic vector: (j.m^j 4j*ia 2U ,„lj, JjiUlJI ojSLj jl (jSLajj 

<(v) JSLi<(v) (i^a-^u) JSLi <(u) 

(j-Jj-a ij^u£ i(_5>jt-S 'J J*"~0 '-2 ii-Jlla 
(j r-i 1 ^-1 -si 1 jlxLJjjJI JLkj i2 ,,,J I i i^liixJ 2 1 ijlilaj I i i-Jlila 5JjLSxjj 

:^JbJI .Ju^l ^jVI ja^l jUjV 

(* .j-u^ i* .j-u^) j (*<^u£ 'liLH 1 -* '*) 
2 -1 j a j^- LgJ 4LL21I 2 A.^tl jj| (_yi»J «*» cj-o. 

'.(^yL La J-»o 3_j^jiaJ| 3Js^L*J! ^Ijitjjj/LlJ 

(v) j_o£ & (u) (jjplj & (v <u) j^l :(v <u)a : l-Jaj-u, 

(v) j_u^ & (u) j_u£ & (v ,u) ^yk.1 :(v *u)3 ll-JajJu 

jjs.1 j_u^ La >(_yJJ) (jr^-l J-f^ La »<j-"< L -^_W *l5>*'' CjLoJSLi ! JLA (j-^iS 
Sj_lj>- 3_jL>.| I j_a ^ U <j (jl (jSLaJJ -J-H^ 'u" Cr^' LSj^'- 5 *<j-"" "^JiJ 

. dJaa-^LaiJ j Lpi. L£ J-i^3J J I Jj-oJ 
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kodratoff L-Sajljjia^ I j"-^j ; ,»L3 4^jl nu (_£>*•' JL*^5 <-dli&j 

AQiie«Li^ 

JLtllj-SJI (^^J^iJLl 4jjlJl21II jj^* 1 ^d^ ^T i'" *j^' ''- JL * C7^ ' '"^'' 
V! iCjVL>JI pk»« ^ 4jit^ ^jIjIj^ lSj-u^JI jj^>JI Jliti! ^ <<uijJ! 

ojLjfc iLie-jV Lg_i J_i^5aj (jyJ-JI 3-j-fl-iSl] I Tj-Zi iJ ^ ijjju^s J^*J La 3->Lc 4JI 

(jjj jLlcV! uJ£ Lajui.1 ^^1) 4_ujla j-uIjla j^j (j i .1 m La IjjjSj iCjIjIjJLII 

. L#-JI Jj^jj Cr^' ?5I"'N 3^2 (_£J-1 I 5jS > La-ijjij w La «j V 4JI La£ '((j-»J o' 
A '< n i>i"U CjLaaLtI.1 *-i^3J (_y3 Lut iLs-jJaJ (_£ JJ! JLJJLaJ! g (j ' 11 JlUitJ 
, U , ,. «tj . L^-al Jl?-**( i ill jj_a pU**(tl ^_a1j-j j^A-a- 1 JS <"' t^ 4J3j)j-*_ll 4Jluzi\ ^—3 
t c I a_a_lj < d i . i\ ."II 3 v a i ^1 1 . ,, A ' t 4_LLaV1 4_£,Lu-s3 , ^ lLLIj t 3 ' fl "*•**' ' djaj \ to 

RysZard Mi- (J < mjtlSLLa -JjIj-jj 5U,„lj_, AQ11 j-aLijj iijLalxJ jlsj 
^Ij-aVl ^r-MT- iSu jlc ! j^ jjaJal) Ajiejjj/! jlsj i^jIjJI ^jL^Laij chalski 
630 . a-ua j (^Lc ^^^1 iJlaVl i^ji^j /'^Lj^JI v^L^i i. m.^'i (Pll 
j<sJ j-ljLhI,! (j-a 4-jjj.jj Cj Lc j-aje.a£ Ifl ir j-iJLJ iCjLjLiill (_ps!j_al (j-a Ixbj-a 
,-,! i,a^ .^.tl jjlc j-Luj il^jjj(II j,"^ uilllj puameter value pairs /j«_l1I I 
JLajj (jl Lg-La (J£L! (j^-aj (.^1 J-i^' (3"° 35 dJLutj j uiC 4 i nn->- 4l«j->>J,l 
Sj.,^ (_jJlj3- 3-cSLa.ll (_p=lj^.Vl JJlC (j^J 7 , 2 ££J rjljJJ i*j^ 
'■|JL> "'.'^ >Th^' Lallacl SJlcLU JL\a jjt IJLAj 

4j^Lc j_ii. 31^'j & ^-^i^ ^Lpll Jbj' c*Ji^ 1^1 

4^1 4j iZjLlU! (j-i^J & 

4_j_ajjl^>. (J oj>oj 4_ajj 2l vlaAj «Qjl_t-£5 2 ^j ^*" ^^ CjLi_ul j JL>. (j^aSj tjii! 
21 1 ..1 1 11 /aLu 3Jt i.i 1 a (jjj tljVU-Jlj-Laj ^^ll! J^.lj2JI t_al ui^l 3K Miag-alJj^JI 
^r-ijT- i""il SjuJII 4l!LaVI J-J-a^>- (_ya j k i" j-aVI Jjl (^ ^j-Aj . jajjtLill jj^ 
^jjj cuILa^l )t_j_aj>. )*_a ^ dj * tilt_pe_] 4_l31S 4>jJj LaLc I a t * J » t e3J /c3 4^_«_a 
4j!la^(! J-Jjijj. J » j" 1 .1 J (ji»- 1 fT 1 r^i jj 1 IJLA JjJL»jj lil!!} Jjlj (»J-SjJ . »l m~ 1 .il 



pbtiUJ 6JUUUI goljJI 

4-JUjlJI jj^J ! JSLiJ i(,_£jj>.V! ■"«! '^j-^ uilil Sjijjll 3JlaVl J-jjjjv (__$!) 3 in^UIl 

Ji-1.5 Ijji^ L^-Lu L^jta ■ M-.y. ^yxlj 3JiLoV! «_aLJj_JI jLljejj . ^ ^.A. A.* JSLI 
3 iif ojut UUb. ^ ^aLJj^JI jLli-l jij .3_l*aI Lkji^I L$jV .3n«tl jLUJ 
340 Lajjlc i I ,y cjLjLxJJI (^JaL L^jLj .p-LoJI 3_iLi*] cjLu 290 p ck3 

. (cjLu 295) 'UjjlII ,j-a a J q"i i .iU JLcljJsJ! 4^ej^5 jLlo.1 lJ JS p^a! JlitituV 
(j <i i nitj .PL djq i iiil'q '-j^i- 5y-oLJj-i «l_b ^l aJJk pU"itl 3jl or (_£J>Jjj 
t_gj ui j tl j_ujJI «_a jljjJI fjk 4jJLlL21II 4JLj_LaJI *-fa (_£JJI JjLsJ.! £l^jLJj_J! 
(_pj| t_sL^jVl ^<; (J|j uiJI j^>JI £>3I AQ11 J-aLij-i ills- j^jaj . PD 

JlcI oJiJI ^j^* i (_p.fi . AQ1 1 «Li_Lt-£5 1 j" ■ 1 i^" (j^jI '. i i u (J-* >-"' (J-Lt-^Lflj '"■ -'^" 

(JjJS-i CaIAjuS AjLJr" I ."l L«_Lu I Luj/L-ui IjJJ Cjl rilr^lll (j^-HI L#-l3 t_*J<Jj (j^JI 

(j^a 3«Li£ J^l PD (jl Jl^-J ' <& iSj_uSLII 4J^jJ,l ojufc (<ii.jj • JiJ^llII -5>^>1 

jLoi-V! o^U (>a /.97 , 6 <yj j^p^J! ^jV. : :,"ill PL U«j ^ jlSs .PL 
CjVUJI (> /. 1 00 PL ,Jaa.\ LdJi ^ SjMcj .PD ^Uj_J /. 7 1 .8 JjLLo 
L^_Lu jj-* tl)^ L^^^'J ^L^>»J>' '" ' *"'.!'**' '"•**''' (j-° *J » ' a a ^i- 1 ^ ■ ^ a Aji (-h-^' 
e^LS ^ JJI e%JI ^ .PD j-aLij_J /. 96 , 9 J_iL2-« ^-jt^II c ^uJxJ^A\ 

d ok 12I (jl (-;r k (jL*j_j£ 3jjjtl!l a JLA jljLu jLp£.l lJr £ (j^' ^ o-^J 
(__Llj (jj-^-Ji ' ^ ' 't /^k, ALkaHju ^j djj ^J_A aLlUi «Uajj-Laj (. 'i i" /^Jl 5) j i ->J I 
^_oLJj_jJ! ( _ ;r i jj-jl U" dJI_L* (jl^ JLfli .(_gj_JaaJ! j_laiJ! «_a jljjj! ^!jj>-Ll 
JJSl S«LiSLi jaLilII ^-aljJ J •> ■»" i "j .(jr-ijV i"i"illj (jlalj^. ^1 (2rV ^1 ' uiSU i^jJI 
jl intermediate conclusions SJa-u-uj jjLIi ^IjiicILj/! i^.lU*.* ^pJI (j|_o-Vl ^ 
LijJjj^pJ! 3_uj^pJ! jjj^aJ! o'\ L^-jjLliJI (^ic- JUltJ^pJ! oLlshjjIj^uVI 

(Jj^s-I Ijj 1^1 (_gj i^i ill j j j -sJI AJLJ-" 1 .i_l L«_Lu 1 JL>J,I SjJJLajs /j-aLij^II 

^ JLSLil 3juz (»jiel^uj Jj .Sj^-Lu^I juzl^iJI (^Jl SlsLUsVLi JVjCL^MJ 

.2lL*1jJ,I .-.I '^j^ ^"'1 (^Jl I^JJJ l^j'^n.i ^S-ls-LtJ^I Ji^l^iiJ 4xlji=I^I 
3 j a >■ 1 < Lt-L^aJl (j-*J ? c -^ 3e ' ^ O^^ - ^ uuJl (j-° J^Lul (_3 Jl^L^uj I ^ ' a * * J 
. p U" 1 1 ^-aLjjj d U 1 J^j j-ujilll I jut 
iAj^UI (j_a J-^l ^ J ^ J J ' a ' PLLaJj^j (jPJl JlcI o^JI ^j^* I C^Lqjv J^j 

(j^ 4_cSL«j (j^JI =Li^jJLjJI 4^jj(J,I 4jjJ (JjijJ ^-aLjj_JI jl VI . I^Uj 1 .ij" (j£_«JJ 
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^^ 2 j iJo-lJ] a\ jLJ-" i ill (j^Lajj i,_pi_ajLA jLso^l (jla < I jut «_aj . I ^Uj , ,. ,~ 

. ;y_aLJj_jJ! JLcljJa p laj " «!j_j_>J! (j i n->-"ii nl JlSj .4^1 mi a (_£_>i-l CjVLt-a 
( _ ? -3 j J J JJ I (jj^ SljK pU'itl 3j-^ tr'l J ***ttl L 7^i ^' J^-^? j*^ J^ i"'.ij 
t_gj Mijtl j-ujJIj CjLo^LkJi.1 /oJLc (jl-J (jjjl »*i1t 3jjJL>. 3JLj_La£a ioJlcIjJS > i>ij 

.JLUI^ 
i jijj^jLLj/ 5jl^Lsij Douglas Lenat oLuJ (jj^l^-jj *-aLJj_J! Ijut i_<j£ 

«L?e_>JI aI J ~*-**i i iilj p_j_ALall Jljj^j Ly-^- J-^^ ^ L *°~>^ (_)Iu-AJla r-JU-aj 3-Aj 
L*_aLjj_> AM 11 j tj .p U~tl £-a!jJ (_^ 4-aJLJ-"n.iU lilloJ 5JjUII 4_l3jjlU 
jh niT-'t 3jUJlj>JI 3-3jj«_U a JLJr" 1 n_) V 4jV 4ijjJLJ (JjL-J! ^-udLi fllt'U 
j_sIjJL! I_L& g[ i iiiM JlSj . 43Lal m'i^I «jj^3 (^ 4"iU uu! (JlJjlj 4_cSL!j i4jl.il 

. 4_l3 pUm ^-olj-j CjuLSLaj x_Laj>. 
d 1J p J i^Lfl-a jj-a I I 5 ^j q > >> " " 4j3j-*_a SjUcLaj AM ^—oLjj-j t Jljjj 

oJli!l Ji^intl j-IaJl) stmctured objects 4-<lSLufc oLJLi£ JSLi ^ CjLcjjijJ.1 
i5_lj*.LijI JlcIj^ (JSLii ^ 4_l3jjlI,I jjiuJI (j-o jjlc (jJI SLaL^Li <(j i~,ic 

.SJljJl^. ^jo-f JllaJ o^ 6^-*? ^J^' luULSJI (^1^ Iflnnt-m (jiJIj 

AM^talLlL&ll 

ii_fljjjilll (^yjfcj ? (jr-i'il i^i-»JI (j^s standud 4-uj/L<J3 4x.j.aJ^a_i (jLi£ J£ j_l«jj 
i4_a_L3 LLcaj l l£j1 * ^ a '"*' u^&j^aj I a " "*■ 1 rt ^ atll - j J ■ ..s i « 1 1 4_LLa 2 1 a 4JlLa2i 
. a j fl ii 1 1 4_uutVI 4j>-jjJ j-ajJ ra\) (jr^J 

prime numbers>: 4-JaVl j(jucVl» (jLiSU j^JLU! JULI j-IiJl 
4J9VI jIjlcVI -.j^VI 

2=(x) divisors /<u-u!jJi!l (jjs jJlc : J^aVl 

y = x jl I = y < = (x I y) (y V ) = (x) ^jl : J>«oJ.I t_iL-a^ 

23, 13, I I ,7,5,3,2 :411a; 

4jtjt ir-i jljLcl :oLLajjU(JI 
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pbtiUJ 6JUUUI goljJI 

4.13.JJ 43-jt i^i jIjlC.1 : t^j Lu.ojj.aaJ I 

(tfLul 2 a» jJai!) 800 :3_»_m]| 
4_JLLll (r«3.) <Ll3j-«-U ^jau>JI (j^a JLclj^S »-jjVlAM £_aLJj_l a Jtir" i n_lj 
jLaLj^ ^_al_ij_J! j j i ii j i_kj£ iU wMb ,_Jj_i (jf (^i^. Ljjl£.Lj<j (j-4j i th"^ 

.3jUj3- jajjtLio 

OcjlS Lilj 4 LAJlJJOJ rfU Jl9 La (a) A J J d 1 '"» Lj ' ^J ' Q-301 dtJiS 1!i! '. I "(C3. 

. Cj I j i i^i j i ro -»J 1 tfjufc (j-a (JSL! 4J!lal -sL*jl (j-tb 5_JL>JI d ^ ^j t, I 
jajjkLiLI (jiuLil 3Jilal I i aj ! ^^ (a) aj^A^U ■tSjjjtJi.l 3J!Lo^I (jjSu JL3 ^ jl 

. 3jjJL>J! 4-Lia j i ro -»J 1 
i(l j») J3.T Aj^il SJlot (^4 (a) a j fl ii o It 4JI0VI *-<l3. ^1 JL3.J !il :2-A3. 

•(If) o-^"^ 3 ^ (f) o' ^> %>« 6^ (^ 'Mi 

.(j^J^iil 3-«-L3 S-iLj-l (Oj l(l a) J (j r-H^^ 3 Jjfc (a) (jl (J^J^' Lpl 

function 3-fl-iJaj JLx-a ^^ La a j j a 1 SJla^l J-JJ13. Llij-LaJl !il . 3-,o3. 

.aljiejj-uVI Sjjlj 

«Lcj_a_>J,1 (J-^J-i'J cUzjIiajl 0JLA Cl3J J-i^Lutjl 0JL& 3ja_t^5 t. i I n~wl ^j!}! 

. J ii" 1 .1 a aj ij n <& 430LJI 
. ljL3- SIjIs SJlal La fj^il (j! JL3.J ! jl :4-«3. 

. 4-La_&Vl Jji^S AJ^iJll o' J-P^'j l l - Mmt l J30 (jl Jji3- (jjl 

(^JLcj 1000 -I (j-a »lijVl ^1^ l-ft3. ^l^jjI! S^tjJ! jnt-m LUa tilj 

t/_L La£ cL^-uJjl tJ^oSj t .} Jl3JJ (C-a-ulaJlJl _}JlC a J g d rt 
J3.I V :j<uj/!j2J! ,j-a j(iis>* j! JLcl = jiiii^i jojj/1^ 
I : Ji3.!j *u-uL2-i jIjlcI -I (OjjiLa 

J3, II, 7, 5, 3, 2 (.u-uljiJI (>a 2 jjuj jIj^I =2 jtu-ula 

169,121 ,49. ,25 l ,9,4: ( ^l > a3 L*J ^1^1 = 3 ^La 

I J-A (jlr j t3 jn itil L^J (j .nt I JL>- ^j j « i a j I CjLc.ja3J,I (jLa 4 jajj I flqlaj 
i2 j<s_<j/La (ji^. (03. (_gl jj .' " '" ^J • IJuuj 1 n_) (jl (jSLaj I j<s_<j/LSj jiii^i j<uj/LS 
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44_jjt_ujIUl pjbj^jo. /J& j la *'■ 1 /jj-^^J 3 (Q^>-J i«LoLJ jjJL>. L$J 3 jqj-ulS (Ih-'J 
S-a-tS 3-sLjj t-^c-J 2 j&j>J I 5 ■ taj . 4jJj^I .}! Ji£.VI :2 jtu-uLa 3_c.j_< ) j*_a ^^4 eH-"_9 

. Li^ia J£ 
jajjtLit.1 (jlr 4_iJ3jjlU ?tja->J! jj.'^~'.' SjJJp- (4-<-&Lia AM jJa-J I JSL&J 
j-a^l iSjUJLa. 4-jJ3jj-a Lajajs- (jjiitJ (jl y j t~i t Li » jU" i uJ V 4_cSLJj iSj^>-jJ,l 
. pU**(tl ^-alj-j j-la_i 4_^>.j (j_a J ^ LuaJb j-oHjlj ^ jjl 

SjJ-SJ! < i 1 U "m j i^ljp.V! ^jfi i ii U ,j-a (^,1^.1 ^j" i ii a i . . I U"i_t ic-lL*jJL9 

«£L_t^jj>_a j-^*-^>- ^-j- " ■Ai-*'J SjujljsJI 4_^3jj>J,I ^jc_>JI i_al mi"^! (j-Lc 
. IjSL&j . .<<3_L3jjt_a *^>- Llj-o Llj-a» <— J tajj Lajjju j^lll metaheuristics 

BACON -3 fr\*ji 

i<jJLiju±&\ uy\j2i\ t-aU£g| (SjLcl) (jJI BACON -3 £-aL>j_i i-3Jla; 
(J3JL9 1 perfect gas laws aLiJI jUJI d)r}Jlj^ Ji-a 2»^Utl £juljJa (j^ii-Vl (^i^-j 
*! Jiidjj/Li i^JLJL*. QaJLaj Ohm' s law, ajI QaJLaj <_^= coulomb's law i_oaaJa£ 
(^£.3 kU SllajtXI oLjLlJI Jst aIIojjVIj JLuuVI t_al £u£V ^j-»il 5^^' 

.dJJ!i J_*_i I j**' se ' *-« jLtlo^V fyt-uiJ /^J' CjLUdIjII*, 2(1 (j^aS-J lLLI]} ^o-Us 
(JJJJLC (jJj-iilla (j-u CjLs^L«JI i_al mi'i^I (^ 3 JLliUI £UJ3jj<J.I £U*->JI <j-aj 

• 2-a jjs.1 j_iila ^La-i , do!jljl Lai£ I -a La jJ-iia =Laj3 doljij! Ii! 
.JjII 4j>-jJ <■ 1 in-- 2-aJ I -A <jrU Sjbljia 4jjljJal 2Ja}l_C, (_p=j^! (jjl 

OjJLa £-aLJj-J! i %.':.~.<_. ,5 -19 JjJ^*- ^ cijLJLJI j-aLJj-JI --lU^I^ 

PV=nRT jUIl 

(.U;,Ml) p oi ■ a ■■■"■<.< Vjt • J*ij- <>■ ^ c^! ^j^ 1 J-=>y 

^ lUt iMl t_Jj-^3 J-^L>. ^yfl J-Ii-b 4jjL5CJ UjS ((OJtr>J!) V ^bjl LaJ£ jl .SJ.J 

2 »a-SJI (j ■■ a h JaJTbeJ 4jSLIj . Llilj (jjijj ! JL* (jl JL*J 4Jf VI '. PV (<uauJI 
I nK jljljj PV (jl J-^-J <Jl '^^"J - 2CLiLj (SjIjjJI 3->.j.j) T w S p LaJii£. 
(_yb UlajS j-^ia3 (jjJIj iPV/T JL^o-l ^ ^aLij-JI jiaJj i3jlj^>JI iTjj! jjl 
j!jL£.t j-a Jj!>2 Sj-o-Vl 3_u»SLI! jjJUkjjIjjjkS^iliJI 2U^M ttj .6-19 JjJ^. 
iPV/nT SjljJjv 3 n 1 .1^ J-^b. ^ j-IaJil ^cJj Lx-a 1 jLiJI imoles'n oLyJp. 
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(oiaoJU oJbloJI gflljaJI 






Moles 



Temperature 

300 
300 
300 
310 
310 
310 
320 
320 
320 



Pressure 
300 000 
400 000 
500 000 
300 000 
400 000 
500 000 
300 000 
400 000 
500 000 



Volume 
0.008 320 
0.006 240 
0.004 992 
0.008 597 3 
0.006 448 
0.005 158 4 
0.008 874 7 
0.006 656 
0.005 324 8 



PV 
2 496.0 
2 496.0 
2 496.0 
2 579.2 
2 579.2 
2 579.2 
2 662.4 
2 662.4 
2 662.4 



Temperature 

300 
310 
320 
300 
310 
320 
300 
310 
320 



PV 
2.496 
2 579.2 
2 662.4 

4 992.0 

5 158.4 
5 324.8 
7 488.0 
7 737.6 
7 987.2 



PV/T 
8.32 
8.32 
8.32 
16.64 
16.64 
16.64 
24.96 
24.96 
24.96 



i^ «^r OjSi j! Jis_ PV/T ot jLipi .u, 5-19 Jy» ^ «4Ui ^i 6-19 JjA» 



PV/T 
8.32 
16.64 

24.9(, 



PV/NT 
8.32 
8.32 

8.32 



PV/NT ji ,UpI .u, 6-19 Jjj, ^ i4Ui ^81 7-19 J^ 
;^^> ^i" j^5j jf ^5U (jUJl J molest j_lp N *i_^) 



La! L^V , I 



2*jlilt 



do (jV! (_^»- 5-aJiJ-" i .ill joiajJI (jj-^ cJljLa 



259 



foJuLLJl c_L_jJL<_ut^ Jjj"* 3 ' d 1 **' se J (JjULLI ^—3 La_Lu i3j_aL>. 4_j_i_pjjj JaLa-iLj 
. LaLaj A o \ ~i x a (jJ^Lus (^ J-«-*j (jl (jSLxJJ ipjjJajll i_3^Lo.Ll 4-uL^jVI 

.pjt^r Jjri'ii ..a «JaljJI lJ J2 Lg-aLal jaLilII J-aljJ (jl 
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.\&»*t^ 40 






Sj^i »IUrl (^Jl JtP~^I Ji^-iriH I jut ^ <_SJL$J 
£.L£j_U «La^>-LJ Cj I ri j i U " (j-a 4_«-3^j <j-£-aj L<i£. 
CjLc^-uaoJLI (j^.J i4 — *d>^ J'^ n ■■'.' /J& „*" I Ila ' *-» *1 
3_ajLa SjUJLC CjIj I i .1 1 (JilJ (jl JjiIsJ,! ,j-a ^^1 
^Lll J-ulJIoVjL^aOj^iil JL3 j . lii^i-il] Vbca 
La J-JJ-23 (^3 4^oLa *LUi.| (^J! <jj.>LlIJ pkta ^ 
(jl i *l ,~t , Vj tj— i_ia_S II ,_£JlII (_,-Lc. ^LkJsjJJ (j-SLaj 
£-jLUI (jl VI tlU-^l (jmiit 5-^=>>C Lot LuJjLstx 
CjljjJLfljJI *_a j»Lc J'C uU LuIj_jJ-2j J}^' (jJI JJ i"i~ 
^ (3 ' 2) L^JJjVlj 0) (jJ T ^ > aVl <irti»Lll J^-Vl 
CjLjj/L>J ^LiLlII p^j-iiiil (j£. (j^Lc^U ja^ILiLaljj/l 
(jJI 3 j initLi LuljjJLaj O J^Ij JLSj .(jji^sLiJI (Jj^JI 
I JJt> ^£ ( j i im t jJI j-jSjUJl 1 OfgJ't" f-^J (j-tc^-ua^-a 

pUM Ij 3 i . i iUt l oLUJI a^JL^a U^j v^ 1 

L i ( nL>Jl (J-«^>* «UjL?E_a Cj-A Jlla-Lta I Jl9j . 3j-L4_>Jl 
CjLiJJI (jja 3.JjJL*-a J-i^- Li^sjJ^a-i Lal3 I ofl'q ro-g-ij 
3_L*ljJI 3JL.JI JJa ^ Sj_U£: oLloju 2j.^.Utl 
^_alj_l jinMa j U i >i_l j . JL>J,I I JL& (_ya £Lti2iL! 

ij-o-j-^ (jl (^jj f ^ji a it , ,un oLiUi 2u»jL« 

oli-it (jV lLLIJj d U i .ija CjLUsIj^I lJ ^C- (O-gJcalj-l 
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(Ju_tjt_i 4_jjt_j_LLaJ 1 4_i-x_lj1 £j£. f, ^ i Lo l_3jjlj ^jt jt *tK**iU t_^jJ (jl * ^lali i ■■" 21 

(_£?) dJL^iia CjUK ,j-a (jj£-a 5-°k>^' 4 ^*^ l£^' j»M^JI o' CjLi^Ij^VI 

SjLcj i4-jLill IjJJLX-O (j^ ll^~U -JJLC Qi^iJ iSjJJLK-a Cjl-ij-iUlj i_ij£IjjJI 

. ljL>.lj l_L^a3e-Lt) tJ3^-J La 
jj-a dljlq CjLloj JL>.Ij CjJLaHa <_;,!£. 3-JL>JI 4jjLjtlII £^olj_JI j i ^-l" ii" j 
LUsjI ijJLijtj iSjLsJj (J£ Jjlj Sj j i r\ 3 iLi^j I ^ j ->■ Li^aj (jl S- 1 ^ Cr^' iCjL«JSL!I 

Uf djtl 3ajU;tlj ^IjVl 4-ls.jj t3i>i= <j^ o-^' jLuuVI ^ joSLaliJ jjiIjj 

Sj^C r«-3-3 «_jJaILuU (_£ jJlj a t_! (_£^M 4^j_»I/ ^_aLlj_l Jlla 4xJlSjII £lx!j_J! 

. I jlv a.'ukj L^V a_ju.tji l^i^.1 ^ j^i j^i^ V ^ukji <> L-aVT 

i4_Lj_«_a (Jj^i.1 J_«_i 4_ujla CjLiK J-jLjj CjVL«Io.I t-jLcio. (^i^. J-*l»3 ljr $£ 
, ^£j i ii ill x-aLt_aJl L^-fl JLa-"i i n l A 4_jjjJa 0JL&J 

. jlaV! I jluu LajLjt I Jlj>. jjJl^c_o 3Lt^J £jL>- fM^LII ja^a ,_,*;_■ dil JJ 
(jJLlI 5Jl1!I (^1) SjjjSHI 2JtlJI (<i^ iiLtjl jjLu ^iz. <U3 j»jl2IJI juOaj^/j 

Ij-_j_o Usajlo ' " i * La 9 (-lllj i(?t_uLall «L>.^J JjjjJa (j£. '■ i ' uL>JI (—11 Ql~Ol 
4j*_l1j Cj Laj LaJL I (jl J_2-3 (j_a i^^iSLII 3J L>- (^ CjJLaj \^S i(jL»J (<sJ L$J2 

■ " > 1 fl Aul i c- 1 -^ .**. , ,. 1 s^Lc / j ■"»■**' ■ ■■ ' * d i A^it i d t l , ,. . n LaLxJl \ i^ . ■ , ,. A**.n 

ji ^VjJI t_gjj~r r .1 11 (jic 43jj(II SjLcl iikii ,y> ii2jjiaJI oj^j dJJLia (jiJI 

JL>JU IJlj* (j-a j j ir-i a II ^jJ.1 (jlc- j»Jl2jJI juIUjjj/j .pragmatic (^.aLSlI 
(jl (jSUj L^JJ i4j^>L>. ^L^jIJ aIj^H 3-ua-uaieILa Chips 0L9L9J aI jieijil (^i^. 

2jl_LLa 1 JUs.lj (jl (^ jljJ-o J^ '"1; 4 ii I" -^e-a CjLjj" i m l _ y \^. JjiajJI j 0" 1 n_l 
iJ ^ I j La (J£ /g-Al 1 njj iaL21Ij ^LkJ.1 4j>-jIj t_ij^lllj CjI nKtl jLloJ ^iila 

. VL4I0.I J^^l j _i 1 iiii'll ^1 Jj^sjiilj I ^ mi Ld^ t_!jLiaj (_gi (_L->J ^-aLijj 
j_olj^JI ,j_o JljJUlJI 4_ojL2JI 2 I j I all Cjljimtl ^ i },\j^u^\ j^Jljlluj 

^LiJLIL ^Ijl ,„^-, , „ l (>l jjJL, oULJI jucl^ (> oLa^mi jlj^L^V 

^^ 3«Li^ jji^lj «L^j jii^l ^-aljJ «Lu i-3JL^j i.~.t jtl j <i" 1 uj 1 ..j t d j ■» j 1 t-i 1 1 
j^ljjj ijlj^sJL! 4_aL«JI JlC.Ij2JI jLp£.VI ^ SJL»-T tAjLJr'iinU x_o (jjLdill 
U. LLSj I ^"1 iLa.1 A 1 j j U pj-i3 (jl 3J^?I > jU" 1 .1" I j-^jj . Ajj-~i 1 .1 1,1 4 < j j U j 
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^IjJti^l (jJLc 3J^I j ,^-,7i~ (jJ iljuk (>a >&Vlj .j»JLseiuiJil ^ 4£jjij 
(JjSj ( n (Jj 'J' ' ■•""' ' " ''' 9 a-uaa-a (J-^* "-& 1 ^J-^-*' 4J3jjtJJ SJlClS (j_a ' "j'*\l 
I^Jjj dltjua 'l^>- ^L»J1 j^-olJI (^i^ L&JLg.l<n"t «4^jJlJIj 4^Ii^-kJI» L$J 
. IjLa. ^jJtJI iJjX\ (ji^. tiilj (jjSLu-u <j£Jj i«l£j ji£l LSVg \ < n 
,_^i^t3j (jr-ijT <i" 1 . . 1 U" jij i^j 2I 4Lvlj_a (^ (JjjL^oJI JljJjjj ja^£ J'jL°J 
3j la II * J k»~ • ■■"' "^J iCj!jj_flJ.! ,j_o JjJLa^o julL I JJLC itQagxtaJ i(jjj|jaJI 

i_^*jj .keywords S-o-LliU oUJSLtl (^lc t_Sjjii!t <j-a jii£l Jjiij (jl 4jJL>JI 

tj-a-gljtjjUll CjLiltl jd^S (^ Jjfi"i 1 .ill ljr £ AjLfljJ! jlj^s-l *_a-3JVI (jSLajJ (jl 
2f J_j td 1 1 iiLLU *^>.Ij-U JL>o (jlj t da u^aJ I * «G^j-«_a AjLa-" i nil Jioj La jtj^>-l 
jLliejj L^j^ j-IaJj (jl 4-lLc (jlllj CjVLjIo.VI (j-a 5Jj_^li 4-ajLa 45IUr I (j-a 
(JjLjjJJ (_,JVI 4_i_Ju j I <_j-JVI /T^j-J^l 7" .' ' *"* _' o' (J o"*>-U <j-°J •4jjj/I_lj La 
CjIjJjJ! (^a LiSLajs 4Jl_LuaJlj r-^L^VI manuals oL-u^Jla \j^>. 2 r^ir^iT-"il,l 

.S-ajLUt (JjijiJJI 
f. iSlul (^QJ 1 nil (j-a (_p (j~^ L j"^ (JjuiJu 3j-u_>JI -n l^'tl olLut JuLt 

4_Lj!j^>.y! ^_a!j_jJ! ,j_a j-±& J^=-a Jjii" i nU (^ J^e-uj/J . 43j < a II ^Lcj^J 
. I Ayjaiaj 0j\ L&JU J_r»o (LiJe^ ' " I t^_ijt_i <LaLse '^'1 (j_a CjlSc i <^~>t (j^tt ^ ), LjDllIi 
(j-a CjLla > Ltaj (^i^- (_£alL>u (^yltl Sjji ir^ill joJiill (j-a JtA^ *^u (J-«J->J.I Cy'j 
sIj-lv LjJ J^>-JJ Cr^'j ' ^^ S-La-LaJelXI (J5I i mU t_yu-? (^ Sji^.1 i milt JLcljitl 
Sj_j_>JI (JJ^-J (jLxjv^l (j^-i < _t (j-Sj • SJj^j i .it jjus-Lla j^lC (O^jI VI (jjjj_<ij 
^IjjjJI ,j^ Sj j i i r> A iii->. ^^i^- Sj_i^sL9 CjI i .11 .ijllj CjL^j_JoJI q r\i j t 4j^pJI 
LlAj i«L>.^L3 5jI 1 m~w dun 11 Lll (j^ (G-AJL3*! (^u^-j jl 3L3j t. i 1 1 n ij <Cj^-iJ ' " ' '' 
SjjjJI ijJLA JiLa 1 t^ii->. ^ n U 1 1 j (_g^l irViqVI ^jfi 1 11 U (ji^. 3 Jfl i^VI (j-a (JjSLj 
I j 'j ^ (^1 5_al i^iVLlj ■> inlj (jl laj (jlr j 2 tj j 1 ■■_' Sj>.LLa /J-aljJ (JSLJu (^ 
I n K LaJljJLjoj Laj_j_aJaj Lulj (j^-4J 4JLa i3 1 .1 1 iij-o-Lt (jLa^l pjj J's i""i 
(^ AjLflj £^3oj (jSLajj . LjJLa-a (^ 3jjJL>. CjLa^inji Cjj^Ijjj ^^>- J^tl<-ul 

cjIjI r„~ ,„ VI lL>u >l_3VI J^L^aj SjJ^LUI j^jlSU ^J^lJI :3_JLUI (jjjUI 

Jal 1 .1 *^l j-jj S"i t 3_aj^Ltl Cjlj-jjJI icj^i^a j<uJl2jJ (jl^Qjl i4-jjl n""i 1 .iVI 
j*_j_i j9-at (__3 (J9_»Jlj 5j^ 1 11 1 1 ^ I, > 21J ifiLuajLaJlj cUjI^VI (J-il i nil i(j^-aQJl 
Jl^S (j^-aJLa-"i 1 11 U <_3^Lii-Li Sj^iJI ^j" 1 .1 a < ajlitj-mj .CjIj_lI.Ij CjIjLojlII 
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JJ d q (1)-* J' 4_j_LdJ1 '"" gcUa-LaJU (jj o^Aj ^Jjl (^-L3jIL>JJ (j-* 1aJa£Li 

I o a .*s_$JjL_La (j-* ^ j ' aie uiJl (±£\ > * "L>. 4_LsL_u_u ^ja-a JL^-**t i u i ^jjl aLujI 

iCjLjI i^i jrill^ 4j<jjUtl cjjIj£JI 3JL>. (^ SjLg.1 1 ..all ^-oIjj i-lH-La oj^j' » 

joJaJi! <jSLaj li^o. . . .JjjIj-^JIj Jj^jJIj 'Lfp'j-^' 1 — J 'JJ J J 'O^J^' JojJJkJ 
(J_a_«Jlj jo_^_Lu La-i3 (JjL»jJLi 4j-jir->itl «lj->lj L-kSall (^ joSLajJI 3j_ujJI 

,j_a <_SaJVI Cj Ij miT (j-Lc (_£j!jo ^-aljJ «Lu lJJ^J i-Nt i\\ j h~ i >i j < <ij 
3-i^sLi.j architecture, Sj_jjl>- «l_b c-jjJLu/I jjoIsj iii! J i^ltVmnj . jlcIj2JI 
jl hardware jLl«JJ 4 i m lib «.!jjj 4jjjij_U3 ~ j i aj <±^p- "LjljiU 4jJUI! 

ti^o- ii3jj(II (jja 3jUJi£. CjLjj" i .ia j^alj^JI ijjlgj QJ^J' nj . software £lxIj_jJI 
^-auj-i J-u-u I jlJ3 i^LS Jlj LuJJi CiLyi i ii tl aJl?-" i n" (j I L»JL*jl Cjuj"! i u all jj^-4-i 
O-^ '■''"'" .'-' O' l5J_J> j ^' (j- O^ 4JLfl .(^jUa La (j^-iV i"il (JjjLJj jaJSj (jx. 
.ja^jJI <UjJ !j\£ Ijj La 2LajJ«I 4jjJ i^jULlJI 3ji£.L9 
d « i J a jLt^ajl £ lSwi_ciiJ £ a * ••"» o_M / 1 " d 1 1 / ^ 1 ***' i A *•* 1**' se ^ i_ m> ( < a 1 i a * 1 )**'■■■ a 
(«Ja_cJI (_f JUs-l (^1 I (j J II 4^-J-t.l jl i 'iii" i nVl JjajxILl Lg-La (_£2 tt a i ,i"t lijJtJ 

u^l JJL. JIJ_uJI I juk (^JLc a_>U.VI ^ jjlsI ^LUI oj^l Ijj ^j^Vt 

jj^Laj <tcljj_LJ d j i .litLij i^Llla 4 j j U 1 1 Ciljl i ,tn'i ..VI lJr £ IjSLa jjVI (jj^j 
.^j-a-iisl jjjjL-uI ty\£- 4-L^a-L^a sej rt ^_alj-i ^Lu 
iSJj^ji .i j^l 4 iih-sJ,l (Jj^LlI.1 (jlj l3jj(J,l Jii 3j_iai«JI jaliill J<-r" i .ij 
i L$Jj-aJlir~i i .i_l ( _ ? lll JVjCLj/VI (^J-^J ifljJiil jlj^s (j-a jjilT-'ll djlnf Jg i .i" La^ 
Cj2lL^t_a ^j-a jt jjl-rKil j-^' ^j- ^Ij-^ 1 "' tlA- 1 (J-"' ^ jj-uL-uLS aJL^-"1 i uJ LaS 
ali-it ? i U" i ujj .(JjLcoI,! (Ja. (^ jjj-^' O"^ U>*-Ai * ^ dri 1 -*-" 3rtl"V a 

^j^ * II ( _paj-C ^j-j?e_a jj-a A Ju t 1 1 1 la 1 1 ^J-il i nU ^J^- Cjl ola^. vr j (<*>aj -n la-Ill 

.4_lJL>JI i_i i ..L>JI SJlX.1 i u-a-l <iU*H J-aljJ (^ J-JJ-a jjt La^ ctJuLiJI (^^Lc 
1( _Lcl alllj JVjCI<jVI ^ i_o_uL>JI CjLilSLal a jir"i , n'i ^J I jl 4iiijJI ^j 
.t_jL^SLII (J-&J 4jJiji2lJI jaitlll 3-Lu-uJ aI ji=2L<-ul LJ J.'^'aVl ^ QaSLj JL3 4JLa 
plj_ll (,^-Lc Sj J i a ? a iajjiil JjilajJ A^jJI 5-aJiJ-" i .ill jJj-^J' J'j-J "J 
Q^ J "" '"■**''' i 4-alaILX I I - 1 1"^ ^--A ^^pl uiXI (j-a I * o J^ La j^lStj 4aL^JLI ^j-* *LLidtjO 
(i_LJtJ ((jr-ijV i^i" (j a i in |_gJJI) (_p=lj^l ->L*jI (^ic- *- i '- c - L$J t^ UJ t u ,U\\ 
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uLaa-tlu l_LaLat (JO J .CjuLj_J1 (j_a 4c a-qj?e-a «Qjuj 4_a_la*_La d ^JJ J ' "^ * 
c"jLjLj£ «Lu jl prognosis i~jI i^'tl JjI ml 3ji>ij-a J^JL»J Jj^jjIII J-lS Ji^ 3 
t-j^LuVLi Sj-uJl! j_uL«Ji.l {j£. juljjCcII (jSLxj 2 LaJLcc 4j^L>. i" jJLi-a 4_JSLut 
(j_a pi o_il (_Lutj (J-il i ii U ^j^* t L^3 t<Lildj| jl 4_jJLa_>Jl j-uLnll (Jj-a (_u2*j1 
Lg_i jc-lojiIII (jSLaj 2j 4_ulj Mif sL2jjJaj (jLSLUj (j-ojJLi 4 ii U"r t, L£ CjLaybill 
-4-JUJI LuLJLSLal JljJo. ( _ ;r 3-4j^! Cr a5LiJlSLLI 3-3jjiU Jltu (jl S^~=jJ • 5Jj<j 1 <n 
(jl *_3jJLi 2j . (jLSLlLi (j-fl-jj j lill Lc^ljj! {j£. 5JVI jjls^jLJ iLajJalj Sjj-i^ij 
(^jJk! jl (j < a 1 .1 tl Ll^Ij^I Jajj (j-a 3-ajLaJ! (j^a-J-JI Cjlji 1 .ill bJ £ (j£_«"-i 
. (JLc ^^"i 1 11 a /^L^, SyLuol -0 la * 1 1 « 
JlX.1 1 .1" 1 ..J a j j j -»J I joiil)! «Lu Cjljjl jj_jlaj lJr £ (jjIo-LJI j <i" 1 .hi .ij 
3_3jjt_a ,j_o a \l A", , „VI ^ 1 r j tJ-SI 1 .1 U (j-o 3jjJL>. pl^JI 4jJL«ji iJ ^ iJJt 
3-C.I ir^ia (jl JLus J£ (^ 3_3jj<i,l (jj£j (jl ijX*. SjjJLC CjVL*-a (^ CjLayL«_aj 

. 3jo~lj 3_3jj<1I <_3lj-*l (jjSij (jlj iJjLxjj syntax i^-j£j1i 
Sl^iii jtjaj (^Jl 3j«j;l^tl oLiill /a^3 iliLsjl *_a Sj^-ajJI 3Ja}L«JI i^gJpJ 
4 tr\ 1^ Via J-a'j-J CjJ^r" ' n~ 1 "J iCjLa^Ltll »l air JJJJ 4a.Liaj J I «~ 1 .iVl 

jljll (>u (j-a-3_u-uL-uVl 5LajjII L y2^JxlxM\ u-tbj 5 ,^,^4.~,1 1 3 o^t.L-1 ^IjSlI 

j_uj-JI SjlcLJ, 4~ n (j a Jj<j 1 n"il lajjtil j&JLc j^aljjJI aj-tb a ji>-"i 1 nJJ-4 Uj-»J,I 
(j\_4-i (r^II *JJ taJU I j *j 1 * (jlj fiOj-^j «Q^j-«_a (J-ol^ tIj^^-**!! nl /Js ^£j i 'i ill 
. Lg-La SjiLil^VI (j^s JVjCL^/VI oLJl 
j«_^^alj_i (^ 4^jj(J.I JLclj^ jj_jlaj lJ J2 f^^ CjLa^Ltil »l a\c j a' 1 .ijij 
i4_jJL>JI ^-olj-jdl (0^>« j-i-t-a tiJj JU 7r 1 11 ij t/J Lca^l 4_Sjj-Ls -^^J a JjlI Jljju 
,j_o J^l (^1 (O^a-alj-l ljr £ JLclj^JI (<i^»- J-^i LaJJ£. CjJLk-uj/ I jLa (jSLIj 
(jl 2 « I W. 1 1 ^y* 4js-jjJI ojut (jlr (_^lll ^-olj-JI (jlr Saj j a aj SjLcLS (j^jia 

iqjJI 1 /; ^ 1 < l~\ t dU t r- 1 a ^ -^1 t - »."i , ,, 1 < 1 ^ , ,, ^ < v a T^-\" ,'» 1 a 4 ^ .."fc.I l ,*^_a ^ 1 «**i" 

' I 3"' a J * " JlC -'j^ (j-l i.ii-»-" (jlr SjjLa ■- ■ 1 aj 1 ■■ Vjl (_, j'a . L^jIjI < <j^*t ^'.1 , ,.WI 

. LlLkJI LgjLjje-ulj"ii nl (_gl JLcljill oJLA aI Jiir"ii nl CjLJT i_dJj Jl»j jj Ljj jtu 
La VI (Jjtij (jl y j t-v~ 1 11* 2 CjLijj/Lo-JI (jl_i (JjL2JI jjLiJI JL2_l!I jJLLuj/J 

. jJlSLS j-^j I <CLi^,j^ ili a (jL_uj VI «b l_Aj-aLj 
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. 1938 ^Lc 2Lu_>jJI j'^« 4jja^«j*j 4jjjlcSL^V' c?^ -^J * 

(^ji-i-ujI-J (_>ul i n^~ 3j>-aL>. ,j-a 3JtUI plr ^J& 2 a i ..lAtt olja^j ^Ir J '^-- * 

.1981 f Lc 5jL*il! cjLV^JL 
. 1983 J£>. 1981 ^a SjjJl^L^V' 4juiU. (^a J*c * 

. 1984 4jL^i <p». 1 983^ iLSj^V! SjlsbIII 

3jL^LtJ Cjliil! j^j_aj 4_L4-ljl^^l (jaaJail Jml i u a jj JLa l _i i a * " Jt mi * 
i_)|jiu 3_i1SLj 4j}_lL>>JVI 5JlUI < i,i?; 4il]| joJLilI L-ujJLo JaX; fU OjjSLJI 

. 1989 *.Vc t p». oj^SLI! 5jlxUij 

2U(_aL>JLi 4iil! ^LlI OjjLia jl"_ml S-oJij I 989 j jq~ij.ii j-La J i miJ * 

.~j_iL2JLi 4jSLjjjsVI 

4-jj j I ~*ix\ (jO-»i)Ll Sjj i"i i a 

a! jl j-"i i . il— j CjLJLLII (jjijjjGj 




j^JjL nj>a_j3. =,^1^' uM- <-fl>it 

aLal r-Lii!l Jlj£. j»Loi/j • I :<U^.jJ 
^gjlSLo jLiiJI J-J^/j • 1 :<L«j».lj_a 
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j_*j t^j-cl Lta '^Vt *l£jJI («Ic (^jjJI iX)L2iI t_jLiSL!1 I jut aJ-2j 

3 JUJjlII sGl rijjU't 3j_o.VI Cilji i .itl (_yb 4iILi sh g i»l <■_ . i ."i^l tiujLS. joi^. 

4-J^I 3^>.j^J!j cjj^UJIj culjUxl^Vlj pLajdl^ ^i^p- ^VUj ^ 

dJjLJaj n_gJjLjLJ p lr 4JLi w ^ I tla .^»VI sl^jjl plr j_uiijj . L&j_i£.j 
4JLUI (<JLcj (j,, ii itl p Lcj cuL^UsLjjJIj ^yl^l i_u<-uL»JI ftUlf <ua 
? L^jJI 4_i_Ldj /*yC 3 5 ■ St a 3.^1^ 3 v£j3 * iLiSLII I J A /_Laju a . 5 A , ,.1 At l a 

L^cj_Usjjs Ijnlr L*-#J j-^-y j-Aj i43Vl£Lilj 43lil£Lalj ^j-g-l iUir~>VI 

3jjSLU ^ («1«JI I''* j»- t_ib$ Jj? J.&J jl j/'^lj '~«l»tl jtl jf IJljju 
«.L£jJI jjLx_a ,j_a d ui j ^j jjLx_a SjLC ^^l^- t-jLjSLtl j^JJJ . 4-UjjJI 
J-A^jj 3j_ujJI joJiitlj idjtjjUII CjLjtDI 4j>JLtA (^-Aj (j-^ iUir~>VI 
^liUr^VI dl^jJI SuISjJjl^L-J £>£. >l <■!< \l ,Va jjjj U^iLajjiII 
ijj_& j i*n " j -(jrt^l <-. ' i "L>JI L^a JJ-" i uj (jr*-" 4-La j . lC j I £lxIj_JI ^yb 
l_^*J 4J| VI ^liU.^VI dl^jJI ^ litstJI c_Jl^>. <at ,jj9 JjL>J.I 
J J I -to (_p-a t_jLlSJI LgJjLuj joJ (Jj^s-I jjL»-a dJLuk j! ^1 SjUuVI 

^L^u ^bSJI o' VI ^j-^j 2L5jil JliiVl J^j j»>KJI JJ^jj 

IjtuJLaJI ^ qUtl (jlsjJLtLl j-UlJJJ JjJL>JI /«JL«JI I JUjJ 3jl .lL_uVI t_jljjJI 

<jl JaIjj i JiJLl lUjmult LaJj V 4JI VI i^jLttl iX>LiU <^->i (<^jj 

oVLa_o (^ 3_ljjjl!I SJLLILi SjljJlc JUx.1 Sjj^Li t_jb"SLtl \jjt ojSLj 

.^liU^VI 4 KjdJ JU«I! o^JI 



